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Aging and death are the universal phenomenon shared by all living organisms. 
The causes of aging and the mechanism of aging are the keys to find out the way to 
increase the quality and lengthen the human lives. Recently, the free radical theory 
has become increasingly accepted as one of the theories in the aging process. 
Increasing dietary antioxidants could significantly minimize the deleterious effect of 
the free radicals. In the present study, the antioxidant effect of Green Tea Catechins 
(GTCs) and Broccoli Extracts (BEs) on the life span as well as reactive oxidative 
species (ROS) resistance, antioxidant enzymes activities and lipid peroxidation (LPO) 
level were investigated using the Drosophila melanogaster model. 
The result showed that 10 mg/ml of GTCs or 50 mg/ml of BEs added to the fly 
diet provided the greatest anti-aging effect. The 50% survival time was increased by 
20% with GTCs feeding. Pre-feeding the flies with GTCs or BEs showed significant 
enhancement in ROS resistance when the flies were exposed to paraquat or hydrogen 
peroxide treatment. Moreover, the total superoxide dismutase (SOD) and catalase 
activities were up-regulated by 31.1 % and 45.3%, respectively after 20 days of GTCs 
feeding. Fli^s with BEs consumption also increased the enzyme activities by 58.6% 
ii 
and 28.3%. Semi-quantitative RT-PCR assay indicated that enhancements in enzyme 
activities were associated with the up-regulation of copper-zinc containing SOD 
(CuZn SOD), manganese containing SOD (Mn SOD) and catalase genes. In addition, 
GTCs consumption attributed to 15.0% reduction in LPO level, whereas, 9.1% 
reduction in LPO level was resulted from BEs feeding. The present data also indicated 
that anti-aging effect of BEs was stronger when compared with other common 
vegetables extracts including cabbage, Chinese cabbage and carrot. 
On the other hand, the present study also investigated the effects of GTCs and 
BEs on the life spans and the antioxidant enzymes activities when the fruit flies were 
fed 5% or 10% lard diets. The present results showed that dietary fat would induce 
aging effect but the aging effect could be reversed by GTCs or BEs feeding. 
Supplementation of dietary fat induced the production of lipid hydroperoxide 
(LOOHs), the production of LOOHs increased when concentration of dietary lard 
increased. However, reductions in LOOHs were observed when GTCs or BEs were 
consumed together with dietary fat. GTCs and BEs could also up-regulate expressions 
and activities of the antioxidant enzymes in flies fed a 5% lard diet. However, when 
the concentration of lard was increased to 10%, GTCs and BEs up-regulated the 
activity and expression of catalase but they had no effect on SOD. 
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It was concluded that both GTCs and BEs possess anti-aging activities under the 
present experimental conditions. GTCs and BEs up-regulated the functions of 
antioxidant enzymes on their molecular levels and the increase in enzymes activities 
minimized the damaging effects of free radicals. The anti-aging capacities of GTCs 
and BEs were more prominent when the diet was supplemented with a low dietary fat. 
However, with increasing in dietary fat concentration, GTCs and BEs did not affect 
further the activity and expression of SOD but they had a greater enhancement in 
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"Aging is the accumulation of changes responsible for both the sequential 
alterations that accompany advancing age and the associated progressive increase in 
the chance of disease and death." (Harman, 1993). Normally, the death rate of human 
is small after being birth, and then approaching minimum at puberty. After that, the 
rate increases with age and then suddenly boost almost exponentially, so that it is 
unusual to reach age 100 and just a few people could live beyond 115 years 
(Harman, 1993). The average life expectancies at birth in the USA are 75 years for 
males and 80 years for females. It is believed that Asians have even higher life 
expectancies due to the differences in genes, eating habits and environmental 
conditions (National Centre for Health Statistics, 1989). 
When we consider aging at the molecular level, it can be regarded as the 
intrinsic program of cell death at different time intervals, resulting in the weakening 
of body defense systems and also immune system. Therefore, aging is related to 
many degenerative diseases and cellular dysfunction. It can be observed that higher 
. c a n c e r s rates, cardiovascular disabilities and organs failure are found in the elderly. 
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As aging and death are the universal phenomenon shared by all living 
organisms, the causes of aging and the mechanism of aging process are the keys to 
find out the way to increase the quality and the length of the human lives. Therefore, 
increasing the average and maximum life spans and decreasing the occurrences of 
age-related diseases are the important tasks in anti-aging. 
1.2 Theories of aging 
There are many theories established to explain the aging process. For example, 
the oldest theory on aging is the rate of living theory of aging suggested by Pearl 
(1928). It states that longevity is inversely proportional to the metabolic rate, it may 
link to the accumulation of cellular breakdown as the increase in metabolic rates may 
be related to the increase in catabolic processes. As a result, chemical substances and 
energy may be used up by the metabolic processes and resulted in wearing out of 
cells. In a recent finding, telomerase theory of aging is established. Based on the 
genetic point of view, it suggests that the intrinsic aging program starts when the 
messages stored in the DNA sequence is read by telomerase (Olovnikov, 1996). In 
each cell division, telosome is shorten by telomerase, the shortening increase with 
age, and finally leads to cell death. It is a new established theory supporting to the 
Hayflick Limit Theory of Aging suggested by Hayflick (1987). This theory proposes 
rt 
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that life span can only be increased when the rate of cell division decreases. Hayflick 
believes the validity of human cells are programmed and only 50 cell division are 
available in the whole life. Therefore, it seems that both telomerase theory and 
Hayflick theory are based on the intrinsic programs of cell division and death on 
explaining aging phenomenon. Both of them believe that degeneration of the cells is 
to provide building materials for regeneration of new cells, however, the somatic 
mutation theory suggested by Failla (1958) states that cell death is unexpected and 
the accumulated genetic mutations occur with time and result in a decrease in cellular 
function. Therefore, accumulated unexpected cellular damages would result in aging. 
However, no single theory is regarded as the sole cause of aging. Only the free 
radical theory of aging shows a more acceptance and a wide application nowadays. 
1.2.1 Free radical theory of aging 
Free radical theory of aging suggests that aging is caused by free radical 
reactions (Harman, 1956). It predicts that life span of an organism can be increased if 
the initiation rate of random free radical reaction is slowed down and/or the chain 
length of the free radicals is decreased. 
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1.2.2 Free radicals reactions and their effects 
'Free radical reactions are the irreversible reactions characterized by the 
transient presence of highly reactive intermediates bearing unpaired electrons, once 
the intermediates receive extra unpaired electron(s), they become free radicals' 
(Harman, 1956). Free radicals can be regarded as any substances with unpaired 
electrons. It can be oxygen and any organic compounds. When oxygen is involved, 
the free radicals formed are belonged to reactive oxygen species (ROS). Under 
normal condition, about 0.4% of oxygen consumed by the mitochondria during 
metabolic reaction is converted into radicals, which can react with iron-sulphur 
clusters and cause the release of dangerous free irons and ROS (Hansford et ai, 
1997). Body metabolic reactions including respiratory chain, phagocytosis, 
prostaglandin synthesis, cytochrome P450 system, nonenzymatic reactions of oxygen 
and random ionizing radiation are the main sources of free radicals generated 
(Harman, 2001). A free radical reaction can be divided into three different phases, 
which are initiation, propagation and termination phases. Most often, the free radical 




According to Halliwell & Gutteridge (1999), oxygen is the most common free 
radical having two unpaired electrons formed during normal metabolism in 
mitochondria. In the initiation phase, biomolecules, especially the polyunsaturated 
compounds (RH), which contain many double bonds, are attacked by free radicals to 
cause the formation of alkyl radicals (R*). If two R* react to each other, termination 
step occurs and the free radical reaction ends. However, the alkyl radicals would 
prefer to react with the oxygen nearby, as oxygen is abundant in the mitochondria. 
Then, propagation phase starts. During propagation, R* reacts with oxygen rapidly 
to form peroxyl radicals (R00 ' ) . It is then initiating a chain reaction with more 
biomolecules, with the generation of far more hydroperoxides (ROOHs), at the same 
time, both R* and ROO* may be regenerated and the chain reaction is repeated 
continuously until two radicals meet and cause the formation of non radical product. 
Then the chain reaction is terminated. On the other hand, oxygen may also initiate 
the.reducing reactions in the presence of some metal ions; for example, reduction of 
protein-bound Fe would give rise to the highly reactive hydroxyl radical (OH*) 
according to Fenton Reaction when hydrogen peroxide (H2O2) is present. H2O2 is the 
by-product formed in the electron transport chain, but it is not localized in the 
mitochondria as it can pass through the biological membranes and induce the 
formation of OH* which reacts with phospholipids, carbohydrates, metalloproteins 
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and DNA, resulting in cellular damages (Halliwell & Gutteridge，1999). The free 
radical reaction is shown in Figure 1. 
Moreover, the damaging effects of free radicals on DNA, protein and lipids are 
increased with age in different animal models including humans, mice, Drosophila 
melanogaster and Caenorhabditis elegans (Tamara et al, 2002). Therefore, 
according to the free radical theory of aging, free radical reaction rate would 
determine the rate of aging in organisms. It is because most of the damages are 
irreversible and accumulative, it is lethal to the cells and so is to the organism. 
1.2.2.1 Lipid peroxidation 
All membrane lipids contain polyunsaturated fatty acids (PUFA) and are 
susceptible to free radical damage. PUFA have a characteristic double bond 
structure. This structure is susceptible to OH* and resulted in the production of 
peroxide products. As a result, cell turgidity is disturbed, and leads to cellular 
dysfunction (Douglas et al.’ 2003). 
1.2.2.2 Protein oxidation 
Free radicals can oxidize proteins by attacking the aromatic amino acids, 
cysteine and disulphide bonds (S-S). This would lead to denature of several 
6 
I) Initiation phase: 
X* + RH ^ R* + XH 
(free radicals) (alkyl radical) 
II) Propagation phase: 
R* + O2 ROO* 
iperoxyl radicals) 
ROO* + RH ^ ROOH + R* 
(hydroperoxides) 
where R* is regenerated. 
III) Termination phase: 
R* /ROO* + R* /ROO* ^ R： R/ROO： OOR 
Figure 1 Free radical reactions: reaction of oxygen with organic compounds. 
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functional proteins like enzyme and globulin due to the loss of conformational 
integrity. Denaturation of the enzyme leads to the dysfunction of the enzyme induced 
bioactivity; denaturation of the globulin would inhibit the body immune system; 
whereas, damage of collagen would affect the tissue integrity (Douglas et al., 2003). 
1.2.2.3 DNA oxidation 
Free radicals can be the mediators of carcinogenesis due to the breakdown of 
single and double strand DNA by mutagenesis. Carcinogenesis and cell death will 
occur when the DNA is oxidized by the free radicals. It is believed that H2O2 
interacts with metal ions, for example, the iron and copper, causing site specific 
damage on DNA by the formation of OH* (Liu et al, 2002). Oxidized DNA results in 
the cellular dysfunction or cancer formation. 
1.2.2.4 Carbohydrate oxidation 
Glucose, mannose and deoxy sugars are oxidized to produce H2O2, resulting in 
the generation of OH* radicals. Simple sugars can also autooxidise under 
physiological conditions generating that may enhance the oxidation and 
2 
cross-linking of various proteins and result in the fragmentation of carbohydrate 




1.2.3 Antioxidant defense systems 
The major antioxidant enzymes in the antioxidant defense systems include 
superoxide dismutase (SOD), catalase, glutathione peroxidase(GPx), and reductase 
(Halliwell & Gutteridge, 1999). SOD eliminates superoxide by catalyzing its 
dismutation to H2O2, which is then converted to water and oxygen by catalase or 
GPx. GPx also acts on lipid hydroperoxide to convert them to less reactive and less 
toxic alcohols with shorter chain lengths. Figure 2 shows enzyme reactions of these 
antioxidants enzymes. 
1.2.3.1 Superoxide dismutase (SOD) 
There are two forms of SOD including the cytosolic SOD, which is a kind of 
copper zinc containing SOD (CuZn SOD) and the other one is a manganese 
containing SOD (Mn SOD), which is localized in the mitochondrial matrix. CuZn 
SOD inactivates O2•“ generated by either cytosolic oxidases or cytochrome P 450 
enzymes, which are normally located in the endoplasmic reticulum of a cell. On the 
other hand, Mn SOD is mainly responsible for the removal of O2•“ produced by 
mitochondria oxidase enzymes (Halliwell & Gutteridge, 1999). The common 








2H2O2 • H2O + O2 
Catalase 
III) 




GSSG ^ ^ ^ ^ ^ ^ ^ ^ 2 G S H 
NADPH NADP 
Figure 2 Antioxidant enzymes in the antioxidant defense system and their 
corresponding enzymatic reactions. 
0 
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protons to form H2O2 and O2. The H2O2 formed is then converted to water by either 
catalase or GPx. 
Although superoxide radical can be slowly decomposed to H2O2 at pH 7.4 
without SOD, with the presence of SOD, the rate is 10,000 times faster (Gutteridge et 
al, 1994). 
1.2.3.2 Catalase 
Catalase is a kind of Fe containing enzyme, in which the haem-bound irons 
present in the active sites. In most mammalian tissues, catalase locates in small 
organelles called peroxisomes. Normally, catalase is responsible for the conversion 
of H2O2 to H2O and O2. 
1.2.3.3 Glutathione peroxidase (GPx) and reductase 
.There are two major types of GPx. One of them is selenium containing GPx, 
with selenium covalently bound as selenocysteine in the active site.The second form 
of GPx does not depend on selenium for catalysis. The main function of GPx is the 
removal of H2O2 to H2O and O2 with the oxidization of glutathione from the reduced 
form (GSH) to the oxidised form (GSSG) (Rotruck et al., 1973; Lawerence et al, 
1976).'Glutathione reductase is responsible for the regeneration of GSH with the 
11 
presence ofNADPH. Moreover, GSH is regarded as a kind of dietary antioxidants as 
it would also affect the rate of free radical elimination by the action of GPx and 
reductase. 
1.3 Animal Models on aging study 
As it is not practical and ethical in using humans for aging study, several model 
systems have been established for the genetic study on aging. It is because the 
biological aging process is universal throughout different class of organisms 
(Harman, 1956). The major genetic model systems used in aging research include 
bakers' yeast {Saccharomyces cerevisiae), roundworm {Caenorhabditis elegans), 
fruit fly {Drosophila melanogaster) and mouse {Mus musculus). 
1.3.1 Non-mammalian model systems 
Although the non-mammalian models like yeasts, worms and insects do not 
share homologous structures with mammals, they are analogous to mammals. There 
are several important genetic parallels between one of the insect model, Drosophila 
melanogaster, and mammals. For example, both of them have diploid karyotypes, 
chromosomal sex determination with male heterokaryotypy, iteroparity and abundant 
genetic polymorphisms (Rose et ai, 1992). In addition, it is also convenient to rise in 
0 
large number to make a more statistically acceptance by using the non-mammalians 
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models. In addition, one of the beneficial effects in using non- mammalians models 
is that they are much simpler than the mammalians models, as aging may involve in 
many different processes which interact within body, simple models thus would give 
the direct response immediately after particular treatment. For example, using yeast 
model can figure out gene dysregulation and genetic stability such that a study 
figured out a particular intracellular signaling pathway from mitochondrion to 
nucleus is related to yeast's life span (Kirchman et al., 1999); Moreover, one human 
homolog of yeast LAGl, where the human gene is located at 19pl2, is identified in 
yeast gene which showed to participate in longevity function (Jiang et al., 1998). For 
the roundworm, a signal transduction pathway in worm, which is similar to the 
insulin pathway of human has also been specified and proved to be the pathway 
affecting the life span and regulate the stress resistance of worm (Tissenbaum & 
Ruvkun, 1998). This investigation even proposes a novel idea that diabetes may be 
also a cause of aging. However, vertebrate models are having a more complex signal 
transiting system, it is difficult to identify the effect of a particular signal pathway in 
a complex model system. For the fly model, both transgenic and mutagenesis 
approaches have shown that particular gene expressions would affect the life span of 
the fly, and the genes identified are even highly homologous to mammalian genes 
13 
(Rose, 1984). Therefore, fly models can help understanding the particular genes that 
may be related to aging or anti-aging. 
1.3.1.1 History oi Drosophila on longevity study 
Drosophila melanogaster was first studied by Bastle in 1901 and was used by 
Morgan for genetic experiments from 1909 (Roberts & Standen, 1998). It is a kind of 
flies originated in Central Africa. This model has been used for both genetic and 
biochemical research on studying the effects of cohort density, environmental 
changes, media type and genetic mutations. By genetic manipulation, knock out of 
either catalase or SOD genes, would lead to a great reduction in the enzyme 
activities, resulting in a greater sensitivity to oxidative stress and reduced longevity 
(Mackay & Bewley，1989; Philips et al.，1989). Analogous transgenic studies have 
been performed with SOD gene by Reveillaud et al. (1991). Four of five transgenic 
stocks showed significantly increase in mean life span. On the other hand, 
pharmacological interventions studies have also performed by using Drosophila 
model (Bonilla et al., 2002). In the experiment, with melatonin feeding, flies showed 




1.3.1.2 Advantages of Drosophila model 
Drosophila model is a simple model, especially the most common laboratory 
fruit fly, Drosophila melanogaster. It is valid to use such simple model to study the 
universal mechanism of aging instead of a far more complex test with a mammalian 
species. Moreover, the short life span and small body size of Drosophila species 
allow this model become practically easier to assay in numerous sample size for the 
complex aging related characteristics, including mean and maximum longevity. In 
addition, the whole Drosophila genus is well known from the genetics, development, 
biochemistry and phylogeny points, make it suitable for aging study (Rose et al, 
1992). 
1.3.2 Mammalian model systems 
Mouse {Mus musculus) is a typical mammalian model for aging study. 
Age-related decline in cognitive function in mammals has been slowed down or 
reversed by reducing the level of ROS (Joseph et al., 1998). In some previous 
studies, decreasing ethionine sulfoxide reductase (MsrA) in the mouse model would 
give to the shortening of lifespan and also increase the sensitivity to oxidative stress 
(Moskovitz et al., 2001). However, the application of mammalian model on aging 
> process mainly focus on the system-system interactions that occur inside the body, as 
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aging involved complex reactions in higher class of organism which may interact and 
affect the functions of organs in different body systems. Therefore, if a particular or 
single aged related mechanism is studied, non mammalian models are more suitable 
to be used as the non-mammalian system is simpler, so direct effects of treatment can 
be obtained. 
1.4 Antioxidant effects on aging process 
According to the free radical theory of aging, occurrence of free radical reaction 
will affect the aging process. Therefore, if any substances which can react with free 
radicals to form the non radicals, which are unable to propagate the reaction, it would 
provide the anti-aging effect. Actually, it is well known that the propagation phase of 
the free radical reactions can be shortened by chain breaking antioxidants. The term 
antioxidant usually refers to any substances that, when present at low concentrations, 
would significantly delay or inhibit oxidation of the substrates. The substrates refer 
to any compounds which are subjected to the attack by free radicals (Harman, 1993). 
1.4.1 Antioxidant capacity of tea 
The largest component of green tea leaves is carbohydrates which are mainly 
composed of the cellulose fiber, and the next one followed is protein, but both of the 
components are almost insoluble in water. After infused into hot water, only the 
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components with relatively small molecular weights including tea polyphenols, 
caffeine, theanine, vitamins are soluble into the tea infusion and they vary with 
different kinds of green leaves depending on the species of tea plant, the soil, and the 
method of processing tea beverage for manufacturing tea material. 
Among these compounds, both vitamins and green tea polyphenols are the 
prominent antioxidants. The total green tea polyphenols in tea infusion are 25-35% 
on a dry weight basis (Hara et al, 1995). It is mainly composed of flavanols, 
flavandiols, flavonoids, and phenolic acids (Hertog et a!., 1993). Among these, the 
flavanols (catechins) account for up to 30% of the dry matter of fresh leaf. 
Green tea catechins (GTCs) have been studied for their physiological and 
biological properties nowadays. Extensive researches have proved that GTCs have 
several beneficial biochemical activities such as antioxidative, antimutagenic, 
antibacterial and hypolipidemic (Kada et al, 1985). 
GTCs are proved to reduce the formation of peroxides, and are more 
effectively than tocopherol or BHA (Chen et al., 1996a; Chen et al., 1996b; Chen et 
al., 1998; Koketsu, 1997). Moreover, GTCs even work synergistically with 
tocopherol and ascorbic acid as well as other organic acids such as citric acids, malic 
0 
‘ a c i d and tartaric acid to against photooxidation (Hara, 1997). 
17 
When considering the free radical removal effects in animal models, some 
previous studies have also proved that GTCs are good antioxidants in removing free 
radicals inside body cells and preventing the damaging effects of free radicals 
actions. Zhang et al (1997) have confirmed that GTCs would protect hemolysis for 
red blood cell membrane from 2, 2'-azo-bis (2-amidinopropane) dihydrochloride 
(AAPH), a lethal free radical initiator. In addition, GTCs is proved to inhibit both 
spontaneous and photo-enhanced lipid peroxidation in mouse epidermal microsomes 
(Katiyar et al, 1994). In in vivo studies, lipid peroxidation in the plasma of rats with 
high perilla oil in the diet showed significantly decreased with GTCs addition (Nanjo 
et al, 1993). Besides, GTCs also have strong antioxidative effect on Cu^^-mediated 
oxidation of human low-density lipoprotein (LDL) and their activities were even 
stronger than that of ascorbic acid (Chen et al., 1996a; Zhang et al, 1997). 
Hirose et al. (1995) proposed that the antioxidant effect of GTCs was related 
to the chemical structures of GTCs. It was found that (+)-Catechin liberates protons 
from hydroxy groups of 3'- and 4'-positions in B ring, then the groups reacted with 
other radicals, and stabilized. On the other hand, the remaining catechin would form 
a phenoxy radical, which was very stable due to delocalization of electrons. By this 
reaction process, catechin can scavenge four radicals per mole, and the effect is 
0 
Strong when compared with other kinds of antioxidants. 
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1.4.2 Antioxidant capacity of vegetables 
Fruits and vegetables are known to contain antioxidants. A recent paper by 
Joseph et al. (1998) found that supplement of fruits and vegetables extracts in diet of 
rats would decrease the rate of aging by decreasing the occurrence rate or even 
reversing the age-related cognitive defects. The paper also proposed that the 
supplements might protect against the oxidative stress in brain as brain is the 
important organ that may be affected by aging process. Ueda et al (1997) also found 
that the oxidants present in aged rats brains were high, but those fed with regular 
fruit extracts showed a significant reduction in level. Moreover, shown by Morris 
water maze test, the restoration status of cognitive function of the rats fed fruits or 
vegetables extracts could be observed (Morris, 1984). 
‘Among different kinds of vegetables, Crucifers are the kind of vegetables which 
are prominent for high antioxidant content. Crucifers are a large, homogeneous plant 
family of more than 2000 species. These vegetables are often referred to broccoli, 
Brussels sprouts, cabbage, cauliflower, collards, kale, and kohlrabi. However, not all 
species are edible, but those crucifers that are eaten as vegetables are proved to have 
0 
‘h igh concentration of different kinds of nutrients such as vitamins, minerals, fibre 
19 
and noniiutrient phytochemicals including the sulfur containing compounds (Mazza, 
1998). 
Many papers have proved that antioxidant capacities of some common 
vegetables are high and early report even reveals that cruciferous vegetables can 
prevent degenerative diseases. Daily intake of these vegetables would reduce cancer 
and cardio and cerebrovascular disease mortality significantly (Acehson & Williams, 
1983; Armstrong et al., 1975). It is because the antioxidants present in the 
cruciferous vegetables would undeniably reduce the oxidative damage induced by 
the presence of free radicals and reduce the cancer occurrence. 
In the past, Crucifers had long been used as medicine in the treatment of 
infectious disease (Delaquis & Mazza, 1995) as they are believed to provide the 
antimicrobial activities. For in vivo study, an early report revealed that mortality rates 
for laboratory animals exposed to X-rays could be reduced significantly by feeding 
of broccoli and cabbage (Spector & Calloway, 1959). Moreover, Wattenberg (1978) 
had identified the sulfur containing compounds in Crucifers that provide protection 
against cancer. Recently, several groups of compounds in Crucifers, including 
I 
glucosinolates, isothiocyanates, dithiolthiones, indoles, sulfonates, and vitamins, 
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have also been reported to be capable of preventing or alleviating diseases and 
promoting health (Mazza, 1998). 
1.5 Dietary fat on longevity 
It is well known that people who have high consumption of oily food with high 
level of saturated fat may lead to a higher risk of heart attack, as high dietary intake 
with saturated fat would increase the cholesterol, triglyceride, free fatty acid and 
phospholipids levels in blood and result in the blockage of blood vessels and 
dysfunction of certain important organs (Calder, 2003). By studying epidemiological 
data among the USA population, Gotto et al. (1974) have shown that high dietary 
fats which mainly composed of saturated fats will lead to a high mortality rate from 
cardiovascular disease. Therefore, it is believed that dietary saturated fat would 
decrease longevity of human being. 
On the other hand, monounsaturated fatty acids and polyunsaturated fatty acids 
may decrease the risk of cardiovascular diseases relative to saturated fatty acids as 
these fatty acids can stabilize atherosclerotic plaque by reducing the infiltration of 
inflammatory and immune cells into the plaque (Calder, 2003). However, high 
dietary unsaturated fatty acids may result in the increase in the incorporation of 
•unsaturated fatty acids into the cellular membranes. As the unsaturated fatty acids are 
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composed of many unsaturated bonds, they are more susceptible to free radical attack 
and result in mutation. Rose et al. (1974) stated that high dietary fats, which mainly 
composed of polyunsaturated fats, were just associated with a high cancer rate. 
Moreover, high polyunsaturated fatty acids in cell membrane allow faster 
metabolism and quicker reaction times, so unsaturated membranes deteriorate and 
age faster (Douglas et al., 2003). It can be concluded that difference in dietary fatty 
acids composition may increase the chances of having different kinds of degenerative 
diseases like , but the degenerative diseases are definitely regarded as the causes of 
aging. 
In the animal studies, one previous study formed that high dietary fat would 
accelerate the rate of collagen degeneration and reduce the lifespan of rats model 
(Everitt & Howarth，1974). Moreover, Liu et al. (2002) demonstrated that lipid 
peroxidation level was significantly higher in old rats than in young rats. It was 
proposed that membrane turgidity, especially the mitochondria membrane, was 
determined by dietary fat intake. The easier of cell and mitochondria membranes are 
subjected to ROS attack, the faster the aging will be. 
The turgidity of cellular membrane is affected by the presence of free radicals 
because membranes are composed of fatty acids. Normally, large amounts of fatty 
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acids in the membranes are in phospholipids form. When the cell is stimulated, A2 
phopholipases are activated. It cleaves the phospholipids exclusively in position 2 of 
the glycerol backbone where mainly PUFA are located (Vonekeman, 1968). As more 
free fatty acids are present in the cytoplasm, lipoxygenases (LOX) are activated, 
which leads to the generation of lipid hydroperoxides (LOOHs). More free fatty 
acids are released, more LOOHs are generated. LOOHs are rather unstable, they 
are reduced quickly in biological surroundings by peroxidase (Wang & Powell, 
1991). The presence of free radicals may stimulate the cell for the release of A2 
phopholipases and react with LOOHs to induce the free radical reaction. Moreover, 
followed by the decomposition of lipid hydroperoxides, epoxyhydroxy acid and 
unsaturated aldehydes are formed and cause further reactions and apoptosis may be 
resulted (Kaneko et al, 1987). 
Driver et al (1979) had shown that high dietary fat significantly reduced the life 
span of Drosophila melanogaster. It was proposed that fat accelerated the 
progressive and degenerative aging process and the acceleration effect was 
irreversible. Therefore, it is interesting to use fly model to study the effect of dietary 
fatty acid on longevity. 
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Chapter 2 
Anti-aging: Effects of Green Tea Catechins on 
Life Span and Antioxidant Enzymes of 
Drosophila melanogaster 
2.1 Introduction 
Aging is the common phenomenon shared by all living organisms. It can be 
defined as the physiological functional decline over time (Sohal & Weindruch, 1996). 
There are many theories explaining the mechanism of aging. However, the widely 
accepted theory today is the free radical theory of aging, which is first proposed by 
Harman (1956). According to this theory of aging, cellular metabolism continuously 
generates free radicals, resulting in cellular destruction of macromolecules like 
proteins, carbohydrates, lipids and nucleic acids. The damaging effect of the free 
radicals accumulates with age. The decline in the cell functions accumulates with 
time and ultimately leads to incapacity of normal functions, not only in a cell, but in 
a global way and results in aging. 
Free radicals are continuously generated during the normal metabolism. The 
free radicals related to aging are commonly called "reactive oxygen species" (ROS). 
0 
-These free radicals often take an electron away from some closely related oxygen 
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containing molecules and may result in chain reaction of oxidation. Under normal 
conditions, the damaging effects of ROS are minimized by the protective and repair 
mechanisms through the actions of antioxidant enzymes in the oxidative defense 
system. In fact, some studies have shown that the oxidative defense system is 
evolved in vivo to remove the excess amount of free radicals (Langseth & Bendich, 
1995; Nan jo et al., 1993). The enzymes responsible for the defense system are 
mostly complementary to each other and may target on different free radicals at 
different cellular compartments. One of the defense systems includes several 
antioxidant enzymes such as superoxide dismutases (SOD) and catalase, which are 
responsible for the removal of free radicals like superoxide and hydroxyl radicals 
generated during normal metabolism. Moreover, the free radical scavenging ability 
can be enhanced by obtaining some protective supplements from food sources, such 
as antioxidants and redox active molecules. Both antioxidants and antioxidant 
enzymes work either synergistically or independently, but their main task is to 
scavenge the free radicals. The presence of the antioxidants inhibits the propagation 
phase of the free radicals reactions so as to limit the formation of new free radicals. 
In addition, the resonance abilities of phenol-containing antioxidants would also 
eliminate the existing free radicals. 
-r 
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It is interesting to know the interaction between dietary antioxidants and 
antioxidant enzymes. An understanding of mechanism associated with dietary 
antioxidants must begin with a fundamental question of how dietary antioxidants 
affect the endogenous antioxidant enzymes in cells as a result in an increase in life 
span. Therefore, the effect of Green Tea Catechins (GTCs) on the antioxidant 
enzymes and their effects on Drosophila life span were investigated. 
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2.2 Objectives 
The present study was designed to (1) find out the effective dose of GTCs that 
had anti-aging activity; (2) study the effect of GTCs on the life spans of wild type 
(OR), and mutants with SOD or catalase deficiency in Drosophila strain under 
extreme oxidative stress; (3) study the effects of GTCs on SOD and catalase by using 
Drosophila as a model. 
27 
2.3 Materials and methods 
2.3.1 Materials 
The fly diet was prepared according to the standard medium suggested by 
Roberts and Standen (1998). The major ingredients of the fly diet were shown in 
Table 2.1. In brief, 1000 ml of diet contained 105 g cornmeal, 105g dextrose, 21 g 
yeast and 13 g agar. Ethyl-4-hydroxybenzoate was added to inhibit the growth of 
mould. The mixture was cooked. For rearing the stocks, 15 ml of the mixture was 
poured into a vial. For experimental flies, 5 ml of mixture was prepared per vial. 
2.3.2 Preparation of GTCs 
GTCs from Chinese Longjing green tea was extracted as previously described 
(Zhang et cd., 1997). Dry green tea (700 g) was soaked in 4 L of boiling water for 30 
minutes, then the infusion was filtered and condensed in a rotary evaporator to 1.8 L. 
Equal volume of chloroform was used for de-caffeination. After that, the aqueous 
phase was extracted using an equal volume of ethyl acetate and then removed in a 
rotary evaporator. Finally, 30 g GTCs was obtained. The content of GTCs was 
analyzed and quantified using a Shimadzu LC-IOAD HPLC (Tokyo, Japan) equipped 
with a ternary pump delivery system. The HPLC analysis found that the purity of the 
GTCs accounted for greater than 80%. 
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Table 2.1 Composition of the diets. 
Ingredients Weight (%) 
Cornmeal 42.86 
Dextrose 42.86 
Dry yeast 8.57 
Agar (ultra pure , high 
purified grade) “ 
Ethyl-4-hydroxybenzoate 0.40 
T ^ 100.00 
-r 
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2.3.3 Feeding experiment 
Fly slocks including the wild type, Oregon-R (OR) and two mutants fly lines, 
S0D"'"^/TM3 and OEVSMS x Caf'/TMS were the gifts from Dr. H.Y.E. Chan, 
Department of Biochemistry, The Chinese University of Hong Kong, Hong Kong. 
SOD"'08/TM3 mutant is the heterozygous balancer strain. It is manipulated by 
knocking out one pair of single SOD gene on 3L chromosome, with TM3 
chromosome act as marker gene bearing two phenotypes, the stubble bristles and 
serrate wings (Jordens et al., 1999). Drosophila also contains a catalase gene located 
on chromosome 3L, within the interval of 75C-75F. By point mutation within this 
interval, 0K/SM5 x Caf'/TMS mutant is formed. This mutant is heterozygotes with 
the reduction of catalase activity (Griswold et al., 1993). They were reared on the 
standard medium inside vials with 40 X 69 mm diameter and incubated at an 
environmentally controlled incubator at 25°C at 60-70% humidity. 
For survival study, flies were collected by expanding the stocks population. 
1200 adult flies from the same generation were allowed to mate and lay eggs. To 
avoid overcrowding, 4 males and 6 females were placed in one vial for mating and 
laying eggs for a 3-day-period. Male flies (2-day-old) were collected throughout each 
day of emergence from each vial using carbon dioxide to anaesthetize. To avoid the 
0 
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complex elements associated with reproduction of females which may affect the life 
span, only male flies were used in the present study (Smith, 1962). 
2.3.3.1 Dose determination 
Male flies were employed and divided into 4 groups with 200 flies in each 
group rearing with 10 vials containing 20 flies. For the control group, 0.5% acetic 
acid was added per ml of cornmeal medium to make the acidic fly food medium. For 
the rest of the groups, 1 mg/ml, 5 mg/ml and 10 mg/ml of GTCs were mixed with the 
acidic medium. The addition of acetic acid is to provide a low pH medium (range 
from pH 4-5) so the tea catechins could be more stable. It was supported by the 
HPLC analysis shown in Table 2.2. Every 2-3 days, the dead flies were counted and 
the flies are transferred to a new vial. 
2.3.3.2 Paraquat treatment 
Paraquat treatment was used to examine the resistance of flies against oxidative 
stress. Dietary paraquat (l,l，-dimethyl-4,4,-bi-pyridinium dichloride; Pq2+) 
generates superoxide anions w vivo by the NADH-dependent reduction. As a result, 
Pq+ radicals that generate superoxide anions and Pq2+ were obtained (Michaelis & 
Hill, 1933). Michaelis and Hill (1933) also suggested that sluggishness of normal 
males flies would be observed after 12 hours when 20mM paraquat was added to the 
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Table 2.2 GTCs degradation from day 1 to 3 at different pH. 
Incubation period 0 day 1 day 2 days 3 days 
GTCs remaining at 99.1 土 0.01 97.6土 0.01 90.5土 0.01 89.2土0.01 
pH 7 (%) 
GTCs remaining at 99.2±0.01 99.3 土 0.02 98.4±0.02 95.1±0.03 
pH 5 (%) 
-r 
32 
diet, and nearly 90% were dead after 48 hours,. Both OR flies (n=400) and SOIf 丨。各 
mutant flies (n=400) were divided into the control and tested groups, and incubated 
at 25°C (200 each with 20 per vial). For the control groups, acidic medium were 
introduced; for the tested groups, 10 mg/ml of GTCs were added into the acidic 
medium. Every 2-3 days, flies were transferred to new vials with fresh diet. Previous 
trials discovered that resistance was built up after 20 days with ascorbic acid as 
positive control. Therefore, at day 20, flies in all groups were first starved for 2 hours, 
and then transferred to new vials, with 20 flies per vial, containing a filter paper 
saturated with 1 ml of 20mM paraquat in a 6% glucose solution. Every 4-6 hours, 
dead flies were counted until all flies died. 
2.3.33 Hydrogen peroxide (H2O2) treatment 
H2O2 treatment was also used to examine the resistance of flies against 
oxidative stress. Dietary H2O2 is not a kind of ROS but it is unstable and generates a 
hydroxyl radical in the presence of some metal ions. Previous trial confirmed that 
30% H2O2 added could kill most of the wild type and catalase mutant flies in 48 
hours, which is comparable with the dose of paraquat treatment. To set up the 
experiment, OR flies (n=400) and cat"' mutant flies (n=400) were divided into 
control and tested group and incubated at 25°C (200 each with 20 per vial). For the 
J J 
control group, acidic medium were introduced; for the tested group, 10 mg/ml of 
GTCs were introduced into the acidic medium. Every 2-3 days, flies were transferred 
to new vials with iresh diet. At day 20, flies in all groups were first starved for 2 
hours, and then were transferred to new vials, with 20 flies per vial, containing a 
filter paper saturated with 1 ml of 30% H2O2 in a 6% glucose solution. Every 4-6 
hours, dead flies were counted until all of the flies died. 
2.3.3.4 Enzyme activity assay 
In each enzyme assay, 600 flies were used with 300 in control group and 300 in 
tested group. In each group, 20 flies were being reared on a 5 ml medium. For the 
tested medium, 10 mg/ml of GTCs were mixed with the control medium. The flies 
were incubated at 25°C. Every 2-3 days, flies were transferred to new vials with fresh 
medium. At day 20, flies were first starved for 2 hours, and sacrificed by storing at 
-80°C for 10 minutes. 
2.3.4 Enzyme analysis 
2.3.4.1 SOD activity 
SOD activity was quantified by superoxide dismutase assay kit (Cayman 
chemical, catalog no. 706002). 100 flies in each sample were homogenized in 1 ml of 
0 
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cold 20mM HEPES buffer (pH 7.2, with ImM EGTA, 210mM mannitol and 70mM 
sucrose). Debris was spilled down at the speed of 1,500 g for 5 minutes at 4°C. After 
that, the supernatant was transferred to new eppendorf on ice. Then it was subjected 
to centrifugation at 10,000 g for 15 minutes at 4°C. After centrifugation, the 
supernatant contained the cytosolic copper zinc containing SOD (CuZn SOD), and 
the pellet contained mitochondrial manganese containing SOD (Mn SOD). The 
supernatant was removed to new eppendorf and the mitochondrial pellet was 
suspended in 0.5 ml cold HEPES buffer. 10 |il of sample was used for each test and 
in triplicate. 200 of diluted radical detector and samples were added to 96 well 
plates. The reaction was initiated by adding 20 |il of diluted xanthine oxidase 
followed by shaking the plate for 20 minutes at room temperature. After incubation, 
the absorbance was recorded at 450 nm with a micro-plate reader. 
2.3.4.2 Catalase activity 
Catalase activity was measured using a catalase assay kit (Sigma, catalog no. 
CAT 100). 100 flics were homogenized in 1 ml enzyme dilution buffer. Debris was 
spilled down at the speed of 1,500 g for 5 minutes at 4°C. After that, the supernatant 
was transferred to new eppendorf on ice. Dilution was done by mixing 3 |j,l of sample 
with 42 |il IX Assay buffer in triplicate. After that, 10 |il of sample was again diluted 
0 
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by 65 |il of IX Assay buffer. Afterwards, 25 [d of 200mM hydrogen peroxide 
solution was added as the substrate solution to initiate the reaction. At exactly 1 
minute, 900 of slop solution was added. Then, 10 |il of solution was transferred to 
1 ml of color reagent, after 15 minutes incubation at room temperature, absorbance 
of each sample was measured by spectrometer at 520 nm. 
2.3.4.3 Lipid hydroperoxides (LOOHs) formation 
LOOHs level was measured using a lipid hydroperoxide assay kit (Cayman 
chemical, catalog no. 705002). 100 flies were weighted and homogenized in 2 ml 
HPLC grade water. Debris was spun down at the speed of 1,500 g for 5 minutes at 
4°C. The supernatant (500 |il) was aliquot to eppendorf in triplicate. After that, the 
sample was deprotcinized and extracted with nitrogen saturated methanol/chloroform 
(1:2) and followed by centrifugation at 1,500 g for 5 minutes at 0°C. After that, 50 \i\ 
of FTS reagent 1 containing 4.5mM ferrous sulfate in 0.2M hydrochloric acid and 
FTS reagent 2 containing 3% methanolic solution of ammonium thiocyanate (1:1) 
were added. After incubated for 5 minutes at room temperature, absorbance of each 
sample was measured in a spectrometer at 500 nm with 1 ml quartz curvettes. 
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2.3.4.4 Determination of protein concentration 
The specific activity of the enzyme was expressed as the activity defined for 
particular enzyme per |j,g of protein (U/|ag). The total protein concentration was 
measured according to the method of Bradford (1976) with BSA as standard. 
2.3.5 Semi-quantitative RT-PCR assay 
2.3.5.1 RNA isolation 
Total RNA was isolated from 12 flies in triplicate by TRIzoX Reagent (Invitrogen 
Life Technology). 800 of TRIzoX Reagent was added and the flies were 
homogenized in an eppendorf. It was then centrifuged at 12,000 g, 4°C for 10 
minutes. Debris was removed and the homogenized samples were incubated at room 
temperature for 5 minutes followed by addition of 160 )il chloroform. After 3 
minutes, the samples were subjected to centrifugation at 12,000 g, 4°C for 15 
minutes. The upper layer was transferred to another new eppendorf with 400 
isopropanol and then stored at -20°C overnight. After overnight incubation, samples 
were subjected to centrifugation at 12,000 g, 4 � C for 10 minutes. Then supernatant 
was discarded and the RNA pellets were mixed with 1 ml 75% ethanol for washing. 
The pellets were re-pelleted by centrifugation and subjected to air-dried. Finally, 25 
‘ o f DEPC-treated water was used to re-suspend the RNA pellet. For DNase 
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digestion, 3 |il lOX DNase buffer, 0.5 |il DEPC-treated water and 1.5 [i\ DNase 
(Promega Corporation) were added and incubated at room temperature for 15 
minutes, after that, 3 )il EDTA was added and then the samples were incubated at 
65°C for 10 minutes. 4 |ii 3M sodium acetate and 3 \i\ DEPC-treated water were 
mixed. 80 |il of 100% ethanol was introduced and then the samples were stored at 
-80°C overnight. After incubation, the samples were centrifuged at 12,000 g, 4°C for 
15 minutes and 1 ml 70% ethanol were added afterwards for washing. Followed by 
re-pelleted and air-dried, 30 |il DEPC-treated water were used to dissolve the RNA 
pellet and stored at -80°C. The quantity and purity of RNA were determined by 
absorbance reading al 260 nm and 280 nm. The quantity of RNA (mgmr^) were 
calculated by the formula OD260 X 40 mgrnl'' and the ratio of OD260/OD280 should be 
higher than 1.8 to show a high purity of RNA. 
2.3.5.2. Primer sequences 
Primer sequences of CuZn SOD, Mn SOD and catalase were followed as 
published previously (Phillips et al, 1989; Mockett et al., 2003; Radyuk et al., 2000). 
The forward and reverse primer sequences of each enzyme are shown in Table 2.3. 
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Table 2.3 Primer sequences of CuZn SOD, Mn SOD and catalase. 
Forward primer sequence Reverse Primer sequence 
CuZn SOD 5 ‘-taaattgattaattcattcg-3 ‘ 5‘-acatcggaatagattatcgc-3‘ 
Mn SOD 5'-gcagatatgttcgtggcccgta-3 ‘ 5'-agttgcagtttgcccgacttct-3' 
Catalase 5，-ttcctggatgagatgtcgcact-3，， 5'-ttctgggtgtgaatgaagctgg-3, 
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2.3.5.3 Reverse Transcriptase PCR 
A reverse transcription-polymerase chain reaction (RT-PCR) assay was carried 
out to quantify the niRNA level. RNA (5 |ag) was responsible for cDNA synthesis 
together with the addition of Oligo dT, 5x1^ * strand buffer (with DTT), lOmM dNTP, 
RNA inhibitor and M-MLV reverse transcriptase (Promega Corporation). The final 
volume was diluted to 20 |il. Later on, cDNA was amplified by PCR reaction. In 
each reaction, 0.4 |il lOmM dNTP, 1 cDNA template, 5mM of each primer, lOx 
PCR buffer, lU Taq polymerase (Promega Corporation) and ddH^O were added to 
obtain the 20 |il final volume. The conditions of each primer are listed in Table 2.4. 
The PCR products were separated on a 1.5% agarose gel, stained with 0.01 |xg/ml 
ethidium bromide, and photographed. 
2.3.6 Statistics 
.Data were expressed as mean 士 standard deviation (S.D.). Student's t-test and 
one-way analysis of variance (ANOVA) were used for statistical evaluation of 
differences between groups (SigmaStat version 2.01, SigmaStat Advisory Statistical 
Software, MO, USA), two-way analysis of variance (ANOVA) were used for 
statistical evaluation of differences between groups at different time intervals (SPSS 
0 
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Table 2.4 PGR conditions of j^-actin, CuZn SOD, Mn SOD and catalase . 
P-actin 94°C for 2 minutes; 
94°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute, for 25 
cycles; 
72°C for 10 minutes. 
With 2mM MgCl2 addition. 
CuZn SOD ‘ 94°C for 2 minutes; 
94°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute, for 26 
cycles; 
72°C for 10 minutes. 
With 2mM MgCl2 addition. 
Mn SOD 94°C for 2 minutes; 
94°C for 1 minute, 59°C for 1 minute, 72°C for 1 minute, for 24 
cycles; 
72°C for 10 minutes. 
With ImM MgCli addition. 
Catalase 94°C for 2 minutes; 
94°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute, for 23 
cycles; 
72�C for 10 minutes. 
With 1.5mM MgCb addition. 
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version 11.0, Statistical Package for the Social Sciences software, SPSS Inc, Chicago, 
USA) and p<0.05 was considered statistically significant. 
2.4 Results 
2.4.1 Dose determination 
Life spans of the flies were shown in Figure 2.1. and Table 2.5. Data revealed 
that maximum life spans of GTCs feeding groups were longer than the control. When 
the lil^ span was calculated by the survival time of the last dead fly, all GTCs 
feeding groups reached the maximum life spans up to 79 days, but the maximum life 
span of the control just reached 75 days, which was 4 days shorter than the tested 
groups. The increase was nearly 5% of the total life spans. However, when 
considering the maximum life span by the mean survival time of the last ten dead 
flies, a slight increase was observed in 10 mg/ml GTCs group. 
On the other hand, flies fed with 10 mg/ml of GTCs showed an increase in 50% 
survival. Data revealed there was a significant increase in 50% survival time for 15 
days, it is nearly 20% of the total life spans. The life span curve of this group showed 
a significant increase in survival time started from day 38 but the increase was no 
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Figure 2.1 Life span curve of flies fed diets containing 0 mg/ml (control), 1 mg/ml, 
5 mg/ml or 10 mg/ml of GTCs. Data were expressed as percentage of 
survival. 200 flies were used for each group, *p<0.05 significantly 
different from the control. 
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Table 2.5 50% survival and maximum life span of flies fed diets containing 0 
mg/ml (control), 1 mg/ml, 5 mg/ml or 10 mg/ml of GTCs. 
Group 50 % survival Maximum life span (Days) 
(Days) a b 
Control 42 75 71.9 土 1.7 
1 mg/ml 48 79 71.7 ±3.8 
5 mg/ml 51 79 70.7 ±4.1 
10 mg/ml — 57 79 72.5 土 4.1 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies 
-r 
44 
2.4.2 Paraquat treatment 
Figures 2.2, 2.3 and Table 2.6 revealed that paraquat resistance was 
significantly enhanced in the OR flies fed a diet containing GTCs. The increase in 
the resistance occurred after 30 hours compared with the control. About 50% flies in 
the control group died at 35 hours, but the survival percentage of tested group 
remained 89%. The 50% survival time of flies fed the diet containing GTCs occurred 
at 45 hours. The increase in 50% survival of tested group was nearly 16% compared 
with the control. In addition； GTCs feeding increased the maximum withstanding 
hour of the OR flies for 5 hours when considering the survival time of last dead fly. 
In addition, the mean survival time of the last ten dead flies was significantly 
increased for 6.7 hours. 
For the mutant flies i^ SOD"丨o\ no significant difference in the resistance was 
observed between the GTCs and the control group. The increase in the maximum 
withstanding hour of tested flies was not significant calculated by the mean survival 
time of the last ten dead flies. Moreover, the results also demonstrated that paraquat 
resistance of OR flies was much greater than the mutant flies as shown by the longer 
survival hours. The maximum withstanding hour of the OR flies was up to 61 hours, 
but that for the mutant flies was just about 29 hours. 
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Figure 2.2 Paraquat treatment for OR flies fed diets containing 0 mg/ml (control) or 
10 mg/ml of GTCs. Data were expressed as percentage of survival. 
200 flies were used for each group, *p<0.05 significantly different 
from the control. 
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Figure 2.3 Paraquat treatment for SOD"^ ^^  flies fed diets containing 0 mg/ml 
, (control) or 10 mg/ml of GTCs. Data were expressed as percentage of 
survival. 200 flies were used for each group. 
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Table 2.6 Paraquat resistance expressed as 50% survival and maximum 
withstanding hour in flies fed diets containing 0 mg/ml (control) or 10 
mg/ml of GTCs. 




Control 35 61 55.3 土 4.8 
10 mg/ml 45 66 62.0 ± 1 . 6 * 
Group (SOD"丨 08� 
Control 16 29 22.3 土 2.3 
10 mg/ml \6 ^ 23.2 土 3.1 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 




2.4.3 H2O2 treatment 
Figures 2.4, 2.5 and Table 2.7 revealed that H2O2 resistance was significantly 
enhanced in OR flies fed the GTCs diet. The increase in the resistance occurred after 
16 hours compared with the control. 50% flies in the control group died at 25 hours, 
but the survival percentage of tested group remained 75%. The 50% survival time of 
flies fed the GTCs diet occurred at 28 hours. The increase in 50% survival of tested 
group was nearly 18% compared with the control. In addition, GTCs feeding 
increased the maximum withstanding hour of OR flies for 9 hours when considering 
the survival time of last dead fly. In addition, there was significantly increased when 
the maximum withstanding hour was significantly increased by 3.5 hours when the 
mean survival time of the last ten dead flies was calculated. 
For the mutant flies {caf'), H2O2 resistance was also slightly increased in the 
GTCs group compared with the control group. In addition, GTCs feeding also 
increased the maximum withstanding hour of the mutant flies for 4 hours when 
considering the survival time of last dead fly. However, the increase in the maximum 
withstanding hour of tested flies was not significant when the mean survival time of 
the last ten dead flies was calculated. Moreover, the results demonstrated that H2O2 
resistance of OR flies was much greater than the mutant flies as shown by having a 
0 
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Figure 2.4 Hydrogen peroxide treatment for OR flies fed diets containing 0 mg/ml 
(control) or 10 mg/ml of GTCs. Data were expressed as percentage of 
survival. 200 flies were used for each group, *p<0.05 significantly 
different from the control. 
g i o o p ^ ^ 
I 75 
I 50 - "•"。。— 
<L> \ \ -i^lOmg/mlGTC 
『 2 ' \ \ 
c S 0 ‘ — A 1 
0 10 20 30 
Hours 
Figure 2.5 Hydrogen peroxide treatment for caf! flies fed diets containing 0 mg/ml 
(control) and 10 mg/ml of GTCs. Data were expressed as mean. 200 
‘ f l i e s were used for each group. 
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Table 2.7 Hydrogen peroxide resistance expressed as 50% survival and maximum 
withstanding hour in flies fed diets containing 0 mg/ml (control) or 10 
mg/ml of GTCs. 
50 % survival Maximum withstanding hour 
(Hours) (Hours) 
a b  
Group (OR) 
Control 25 35 27.7 ±0.9 
10 mg/ml 28 44 31.2 ±2.7* 
Group {caf') 
Control 13 17 16.4 土 1.9 
10 mg/ml 14 2\ 17.4±1.3 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies. *p<0.05 significantly different from the 
control 
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longer survival hour. The maximum withstanding hour of the OR flies was up to 35 
hours, but that for the mutant flies was just about 17 hours. 
2.4.4 SOD activity 
The SOD enzyme activity of the control and the tested group was determined 
and compared (Figure 2.6 & 2.7). The activities were measured against the amount 
of total proteins according to Bradford (1976). One unit (U) of activity is defined as 
the amount of enzyme needed to exhibit 50% dismutation of the superoxide radical. 
As shown in Figure 2.6, CuZn SOD activity for the control was 0.25 土 0.03 U/|ig 
protein, but that in the GTCs group was 0.33 土 0.04 U/|ig protein. For Mn SOD 
activity, the control was 0.25 士 0.01 U/|ig protein; On the other hand, GTCs group 
was 0.37 士 0.01 U/|ig protein. It showed that supplementation of GTCs increased 
both CuZn SOD and Mn SOD activities significantly. 
2.4.5 Catalase activity 
The enzyme activity of flies fed a diet with or without GTCs was determined 
and compared (Figure 2.8). The activities were measured against the amount of total 
proteins as described by Bradford (1976). 1 U of catalase activity is defined as the 
amount of catalase which decomposes 1 micromole of hydrogen peroxide to oxygen 
‘ and water per minute at pH 7.0 at 25°C at a substrate concentration of 50mM 
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Control GTCs 
Figure 2.6 CuZn SOD activity for 20-days-old flies incubated at 25 "C and fed 
diets containing 0 mg/ml GTCs (Control) or 10 mg/ml GTCs. Data are 
expressed as mean 土 S.D., 300 flies were used for each group. *p< 0.05 
significantly different from the control. 
* 
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Control GTCs 
Figure 2.7 Mn SOD activity for 20-days-old flies incubated at 25 °C and fed diets 
containing 0 mg/ml GTCs (Control) or 10 mg/ml GTCs. Data are 
expressed as mean 土 S.D. 300 flies were used for each group. * p< 0.05 
significantly different from the control. 
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hydrogen peroxide. As shown in Figure 2.8, catalase activity for the control was 5.70 
士 0.12 U/|j.g protein; in contrast, the GTCs group was 6.79 士 0.42 U/|xg protein. It 
showed that the GTCs group had a significant increase in the catalase activity 
compared with the control. 
2.4.6 LOOHs formation 
LOOHs level of flies fed a diet with or without GTC was determined and 
compared (Figure 2.9). The LPO level was measured against the weight of each 
sample. As shown in Figure 2.9, LPO level for the control was 71.61 士 1.17 pM/mg 
of flies; in contrast, the GTCs group was 60.31 土 1.91 |iM/mg of flies. It showed that 
the GTCs group had a significant decrease in the LOOHs formation compared with 
the control. 
2.4.7 Semi-quantitative RT-PCR assay 
The gene expression level of flies supplement with or without GTCs was 
determined and compared using RT-PCR assay (Figure 2.10). The expression level 
of each target gene was measured against the house keeping gene, ^-actin. As shown 
in Figure 2.10, the ratio of CuZn SOD gene expression to p-actin for the control was 






Figure 2.8 Catalase activity for 20-days-old flies incubated at 25 °C and fed diets 
containing 0 mg/ml GTCs (Control) or 10 mg/ml GTCs. Data are 
expressed as mean 土 S.D. 300 flies were used for each group. * p< 0.05 
significantly different from the control. 
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Figure 2.9 Lipid hydroperoxide level for 20-days-old flies incubated at 25 °C fed 
diets containing 0 mg/ml GTCs (Control) or 10 mg/ml GTCs. Data are 
expressed as mean 土 S.D. 300 flies were used for each group. * p< 0.05 
, significantly different from the control. 
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in 18.5% (p<0.05). For the ratio of Mn SOD gene expression to j3-actin, the control 
was 0.61 士 0.01，and the ratio of GTCs group was 0.75 士 0.01, significant increase in 
percentage was 23.0% (p<0.05). Moreover, the ratio of catalase gene expression to 
P-actin of the control was 0.57 士 0.02; whereas, the ratio of GTCs group showed an 
increase in ratio for 0.75 士 0.02. There was significantly increased in 31.6% (p<0.05). 
It was found that GTCs group significant increased the gene expression of all three 
antioxidant enzymes when compared with the control. 
2.5 Discussion 
The present study demonstrated that the anti-aging effect of GTCs was dose-
dependent. It was found that the effective dose was 10 mg/ml of GTCs. An increase 
in maximum life spans when considered the survival time of the last dead fly was 
observed in the four GTCs groups with different concentration. In addition, 50% 
survival time increased as the doses of GTCs increased. One previous study 
investigated a Chinese medicine capsule containing 50% green tea extract, 30% 
spine date and 20% Chinese wolfberry, finding a significant increase in Drosophila 's 
life span by 33% when 7 mg/ml of GTCs was added into the diet (Cui et al, 1999). 
The dose was not the same as that used in the present study dose because the efficacy 































































































































































































































































































































































date and Chinese wolfberry could enhance the effect of GTCs. On the other hand, an 
in vivo study showed that the effective dose varied with different study models. In this 
study, 80 mg/L of GTCs was introduced in drinking water of Sprague Dawley mice at 
the age of 13 months until deaths. The mice showed an increase in average life span 
by 6.40/0 (Kitani, 2004). The dose of GTCs used in the mice was lesser than that used 
in Drosophila. It was because wastes of GTCs in fly model was greater due to their 
unique eating behavior. The present study found that 10 mg/ml was the effective dose 
to extend the life span of fly and was hereafter used in the experiments. 
The major finding in the paraquat and hydrogen peroxide treatment was that 
GTCs only prolonged the survival time of OR flies but it did not affect 
Cat"' mutant flies. It proposed that GTCs not only decreased the free radicals level, 
but also enhanced the functions of SOD and catalase. It was observed that the survival 
hours of the mutants flies were shorter than the wild type, suggesting that the free 
radicals shorten but SOD and catalase prolong the life span of flies. Pre-feeding of 
GTCs resulted in an increase in resistance to the oxidative stress in OR flies but not 
the mutant flies, demonstrating that effect of GTCs was mediated by up-regulation of 
both SOD and catalase. The present study showed that GTCs consumption could 
significantly enhance the activities of all three antioxidant enzymes including CuZn 
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SOD, Mn SOD and catalase in Drosophila model. Previous studies proved that GTCs 
activated these antioxidant enzymes in different models (Ying et al, 2004; Yamamoto 
et al, 2003). In one of the studies, 200 |Lig/ml of GTCs were incubated with Chinese 
Hamster V79 Cells and showed a significant increase in both SOD and catalase 
activities by 30% and 50%, respectively (Sinha et al, 2005). The present data showed 
that fly fed a diet with 10 mg/ml GTCs had 31.1% and 45.3% increased in SOD and 
catalase activities. In addition, the present data also suggested that gene expression of 
these enzymes were up-regulated by GTCs consumption. As a result, the increase in 
antioxidant enzymes was associated with a greater capacity of capturing the free 
radicals, leading to a longer life span. 
Up-regulation of antioxidant enzymes by GTCs was comparable to those in 
transgenic flies. One previous study showed that over- expression of both SOD and 
catalase in flies increased SOD activity by 26% and catalase activity by 73%; and the 
life span of the fly also increased by 34% (Sohal et al., 1995). The present finding 
showed that GTCs feeding increased the life span by 20% in response to 31.1% and 
45.3% enhancement in SOD and catalase activities respectively. However, Orr and 
Sohal & Weindruch (1996) showed that overexpression of CuZn SOD alone did not 
increase the life spans of the flies and also the increase in the oxidative resistance 
induced by the paraquat intake was insignificant. Similarly, overexpression of catalase 
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gene alone did not increase the longevity of the flies (Mockett, 2003). The present 
study demonstrated that both life span and oxidative resistance were favorably 
regulated by GTCs feeding. 
In addition, the present data demonstrated that GTCs feeding would lower the 
damaging effect of free radicals as a result of a significant decrease in LOOHs 
formation by 15.8%. As aging is associated with an increase in LOOHs amount, a 
decrease in LOOHs level is a good index for anti-aging. One pervious study also 
demonstrated that lipid peroxidation in the plasma of rat was significantly decreased 
by GTCs feeding (Nanjo et al, 1993). Another in vitro study found that GTCs 
inhibited superoxide, hydroxyl radicals and LOOHs generation (Sabu et al, 2002). 
The reduction in the free radicals may be due to the direct scavenging action of GTCs 
as the phenolic structure of GTCs exhibits the electron resonance effect, resulting in 
stabilizing the unpaired electrons from the radicals. Moreover, the decrease in LPO 
level may be due to the activation of antioxidant enzymes. In fact, Arking et al. (2000) 
showed that genetic manipulated long lived strain of Drosophila melanogaster had 
lower LPO level and higher SOD and catalase activities in every time points 
throughout the whole life compared with the short lived strain. 
60 
In summary, the present study investigated the effect of GTCs on the life span 
and the antioxidant enzymes activities of Drosophila melanogaster. The present 
results showed that GTCs could increase the life span and also up-regulate the 
anti-oxidative enzymes. The reduction of the lipid peroxidation level was attributed to 
up-expression of SOD and catalase. It was concluded that GTCs possessed anti-aging 
activity by up-regulating the functions of antioxidant enzymes and minimization of 
the free radical. 
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Chapter 3 
Anti-aging: Effects of Vegetable Extracts on 
Oxidative Stress and Antioxidant Enzymes of 
Drosophila melanogaster 
3.1 Introduction 
According to the theory of aging, free radicals are continuously produced and 
damaged to the cells. The decline in the cell functions may accumulate with time and 
ultimately lead to deficiencies in normal functions, not only in a cell, but in a global 
way and results in aging (Harman, 1956). However, the presence of antioxidants 
prevents the oxidization of sensitive biological molecules by free radicals, and 
decelerates the aging process. Previous studies demonstrated that cruciferous 
vegetables have the preventive ability on degenerative diseases and daily intake can 
significantly reduce cancer, cardio and cerebrovascular disease mortality (Acehson & 
Williams, 1983; Armstrong et al., 1975). It is because cruciferous vegetables contain 
different biological active components including vitamin A and vitamin C, minerals, 
phenolic compounds and sulphur containing phytochemicals likes glucosinolates, 
isothiocyanates, dithiothiones, inodoles, sulfonates and flavonoids (Mazza, 1998). 
Most of'them are well-defined antioxidants, which reduce the oxidative damage 
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caused by free radicals and result in the decrease in mortality. 
Curciferous vegetables such as Brussels sprouts, broccoli and cauliflower 
prevented chemical carcinogenesis and oxidative DNA damage when administered 
with carcinogens in many animal experiments (Verhoeven et al, 1997; Deng et al, 
1998). Among the vegetables, broccoli is proved to have high antioxidant power as 
demonstrated by FRAP assay (Szeto et al, 2002). The present study was therefore to 




The present study was designed to (1) identify the effective dose of broccoli 
extracts (BEs) on Drosophila melanogaster to against oxidative stress; (2) compare its . 
effects with other common vegetable extracts; (3) study the effects of BEs on 
superoxide dismutase (SOD) and catalase by using Drosophila as a model. 
tr 
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3.3 Materials and methods 
3.3.1 Materials 
The fly food was prepared according to the standard medium suggested by 
(Roberts & Standen, 1998) as previously described in chapter 2. 
3.3.2 Preparation of vegetable extracts 
Fresh extracts were obtained from washed, uncooked vegetables by using a juice 
extruder. Vegetables included broccoli, cabbage, Chinese cabbage and carrot were 
obtained from the local market. Juice was filtered and subjected to freeze drying. 
Finally, vegetable extracts powers were obtained and stored at 4°C. Normally, 10 g of 
dry power can be obtained from 150 ml fresh vegetable juice which was derived from 
90-100 g of fresh vegetables tissues. 
3.3.3 Feeding experiment 
For the survival study, male wild type flies (OR) were employed with 200 flies 
being in each group reared in 10 vials containing 20 flies each. Every 20 flies were 
transferred to one vial with 5 ml tested medium, dead flies were counted every 2-3 
days. 
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For enzymes assays, 600 flies were incubated with 0 mg/ml BEs (control) and 50 
mg/ml BEs. 300 flies were in each group with 20 flies reared in a vial containing 5 ml 
tested medium. Every 2-3 days, flies were transferred to new vials with fresh diet. At 
day 20, flies in all groups were first starved for 2 hours, and sacrificed by storing at 
-80°C for 10 minutes. 100 flies were pooled in each group as one sample. 
3.3.3.1 Dose determination 
Flies were divided into 6 groups with 200 flies in each group reared in 10 vials 
containing 20 flies each. 1 mg/ml, 5 mg/ml, 10 mg/ml, 25 mg/ml and 50 mg/ml BEs 
were added to the basal medium. Every 2-3 days, flies were transferred to fresh 
medium and at day 20, they were subjected to paraquat and hydrogen peroxide 
treatments. 
To study the effect among different vegetables, flies were divided into 5 groups 
with 200 flies in each group reared in 10 vials containing 20 flies each. They were fed 
one of five different diets namely the control, 50 mg/ml cabbage, Chinese cabbage, 
carrot or broccoli extracts. Every 2-3 days, flies were transferred to fresh medium and 
at day 20, they were subjected to paraquat and hydrogen peroxide treatments. 
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3.3.3.2 Paraquat and Hydrogen peroxide (H2O2) treatments 
Paraquat and hydrogen peroxide treatments were conducted as previously 
described in Chapter 2. 
3.3.4 Lipid hydroperoxide (LOOHs) formation 
Lipid hydroperoxide assays were measured as previously described in Chapter 2 
by using a lipid hydroperoxide assay kit (Cayman chemical, catalog no. 705002). 
3.3.5 Enzyme analysis 
SOD and catalase activities assays were measured as previously described in 
Chapter 2 by using superoxide dismutase assay kit (Cayman chemical, catalog no. 
706002) and catalase assay kit (Sigma, catalog no. CAT 100). The total protein 
concentration was measured according to Bradford (1976) with BSA as standard. 
3.3.6 Semi-quantitative RT-PCR assay 
RT-PCR assay details and primers information were mentioned in Chapter 2. 
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3.3.7 Statistics 
Data were expressed as mean 士 standard deviation (S.D.). Student's t-test and 
one-way analysis of variance (ANOVA) were used for statistical evaluation of 
differences between groups (SigmaStat version 2.01, SigmaStat Advisory Statistical 
Software, MO, USA), two-way analysis of variance (ANOVA) were used for 
statistical evaluation of differences between groups at different time intervals (SPSS 
version 11.0, Statistical Package for the Social Sciences software, SPSS Inc, Chicago, 
USA) and p<0.05 was considered statistically significant. 
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3.4 Results 
3.4.1 Dose determination 
Figure 3.1 and 3.2 showed that paraquat and hydrogen peroxide resistances of 
OR flies fed with 50 mg/ml of BEs were much greater than the control. Significant 
increase in the resistance occurred after 38 and 9 hours for the paraquat and hydrogen 
peroxide experiments respectively compared with the control. For the flies fed with 
lower doses of extracts, although increases in resistance were observed, the increases 
were not significant compared with the control. 
3.4.2 Antioxidant effect among different vegetables 
Figure 3.3 and 3.4 showed that paraquat and hydrogen peroxide resistances of 
the OR flies fed with BEs were much greater than the control and the groups with 
other vegetables extracts. The oxidative resistance significantly increased after 39 
hours for the paraquat experiment and 25 hours for hydrogen peroxide experiment 
compared with the control. For the flies fed with other vegetables extracts, no 
increases were observed. Although carrot extracts feeding showed a slight increase in 
the paraquat resistance after 60 hours, the increase was not significant. 
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Figure 3.1 Paraquat treatment for OR flies fed diets containing 0 mg/ml (control), 1 
mg/ml, 5 mg/ml, 10 mg/ml, 25 mg/ml or 50 mg/ml of BEs. Data are 
expressed as percentage of survival. 200 flies were used for each group, * 
p< 0.05 significantly different from the control. 
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Figure 3.2 Hydrogen peroxide treatment for wild type fly (OR) fed diets containing 0 
mg/ml (control), 1 mg/ml, 5 mg/ml, 10 mg/ml, 25 mg/ml or 50 mg/ml of 
BEs. Data are expressed as percentage of survival. 200 flies were used for 
'each group, * p< 0.05 significantly different from the control 
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Table 3.1 Paraquat resistance expressed as 50% survival and maximum 
withstanding hour in flies fed diets containing 0 mg/ml (control), 1 
mg/ml, 5 mg/ml, 10 mg/ml, 25 mg/ml or 50 mg/ml BEs 
Group (OR) 50 % survival (Hours) Maximum withstanding hour 
(Hours) 
a b 
Control 39 61 55.3 土 4.8 
1 mg/ml 48 66 62.1 ±1.6 
5 mg/ml 48 66 62.3 土 2.4 
10 mg/ml 42 68 68.2 土 2.1 
25 mg/ml 53 78 79.6 土 1.6* 
50 mg/ml 65 S3 83.5 土 2.3* 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies. *p<0.05 significantly different from the control 
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Table 3.2 Hydrogen peroxide resistance expressed as 50% survival and maximum 
withstanding hour in flies fed diets containing 0 mg/ml (control), 1 
mg/ml, 5 mg/ml, 10 mg/ml, 25 mg/ml or 50 mg/ml BEs 
Group (OR) 50 % survival (Hours) Maximum withstanding hour 
(Hours) 
a b 
Control 27 38 39.1 ±5.6 
1 mg/ml 36 50 48.4 土 3.6 
5 mg/ml 38 54 54.3 ±2.6 
10 mg/ml 38 54 56.5 ±3.5 
25 mg/ml 41 54 57.2 ±2.8 
50 mg/ml ^ 5S 59.4 土 1.6* 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies. *p<0.05 significantly different from the control 
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Figure 3.3 Paraquat treatment for OR flies fed diets containing 0 mg/ml (control), 
50 mg/ml cabbage, Chinese cabbage, carrot or broccoli. Data are 
expressed as percentage of survival. 200 flies were used for each group, 
* p< 0.05 significantly different from the control. 
零 - • - c o n t r o l 
7 5 - A c a b b a g e 
g ^ • Chinese 
5 0 \ c a b b a g e 
© ^ ^ ^ -O— carrot 
0 2 0 4 0 6 0 8 0 
Hours 
Figure 3.4 Hydrogen peroxide treatment for OR flies fed diets containing 0 mg/ml 
(control), 50 mg/ml cabbage, Chinese cabbage, carrot or broccoli. Data 
are expressed as percentage of survival. 200 flies were used for each 
group, * p< 0.05 significantly different from the control. 
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Table 3.3 Paraquat resistance expressed as 50% survival and maximum 
withstanding hour in flies fed diets containing 0 mg/ml (control), 50 
mg/ml cabbage, Chinese cabbage, carrot or broccoli. 
Group (OR) 50 % survival (Hours) Maximum withstanding hour 
(Hours) 
a b 
Control 42 60 61.2 土 3.8 
Cabbage 45 60 61.8 土 2.3 
Chinese cabbage 42 62 63.9 土 3.3 
Carrot 48 62 64.5 土 2.1 
Broccoli ^ ^ 80.1 土 1.6* 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies. *p<0.05 significantly different from the control 
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Table 3.4 50% survival and maximum withstanding hour of flies fed with 0 mg/ml 
(control) and 50 mg/ml of cabbage, Chinese cabbage, carrot or broccoli 
during hydrogen peroxide treatment.. 
Group (OR) 50 % survival (Hours) Maximum withstanding hour 
(Hours) 
a b 
Control 39 42 44.1 土 1.8 
Cabbage 35 42 44.9 土 2.3 
Chinese cabbage 40 42 46.2 土 2.4 
Carrot 39 46 49.8 土 1.4 
Broccoli 46 ^ 57.6 土 3.1* 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies. *p<0.05 significantly different from the control 
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3.4.3 SOD activity 
The enzyme activity of flies fed with or without BEs was determined and 
compared (Figure 3.5 & 3.6). The activities were measured against the amount of total 
proteins according to Bradford (1976). According to the assay, 1 U of activity is 
defined as the amount of enzyme needed to exhibit 50% dismutation of the 
superoxide radical. As shown in Figure 3.5, CuZn SOD activity for the control was 
0.22 士 0.01 U/|ig proteins, but for those with BEs consumption was 0.36 士 0.01 U/|ig 
proteins. For Mn SOD activity, in Figure 3.6，the activity of the control was 0.25 士 
0.01 U/)j.g proteins; in contrast, BEs group was 0.38 士 0.01 U/|ig proteins. It showed 
that both CuZn SOD and Mn SOD activities significantly increased after BEs 
consumption, thus, resulting in a significant increase in total SOD activity. 
3.4.4 Catalase activity 
The enzyme activity of flies fed with or without BEs was determined and 
compared (Figure 3.7). The activities were measured against the amount of total 
proteins as described by Bradford (1976). 1 U of catalase activity is defined as the 
amount of catalase which decomposes 1 micromole of hydrogen peroxide to oxygen 
and water per minute at pH 7.0 at 25°C at a substrate concentration of 50mM 
�hydrogen peroxide. As shown in Figure 3.7, catalase activity for the control was 5.92 
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Figure 3.5 CuZn SOD activity for 20-days-old flies incubated at 25°C and fed diets 
containing 0 mg/ml BEs (Control) or 50 mg/ml BEs. Data are expressed 
as mean 土 S.D. 300 flies were used for each group. *p<0.05 significantly 
different from the control. 
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Figure 3.6 Mn SOD activity for 20-days-old flies incubated at 25"C and fed diets 
containing 0 mg/ml BEs (Control) or 50 mg/ml BEs. Data are expressed 
as mean 土 S.D. 300 flies were used for each group. *p<0.05 significantly 
, different from the control. 
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士 0.30 U/|ig proteins; in contrast, BEs group was 7.59 士 0.33 U/|ig proteins. It showed 
that BEs consumption significant increased the catalase activity compared with the 
control. 
3.4.5 LOOHs formation 
LOOHs level of flies fed with or without BEs was determined and compared 
(Figure 3.8). The LPO level was measured against the weight of each sample. As 
shown in Figure 3.8, LPO level for the control was 71.87 士 0.65 |iM/mg; in contrast, 
BEs group was 65.31 ± 0 . 1 9 |iM/mg. It showed that flies fed with BEs had a 
significant decrease in the LPO formation compared with the control. 
3.4.6 Semi-quantitative RT-PCR assay 
The gene expression level of flies fed with or without BEs was determined and 
compared by RT-PCR assay (Figure 3.9). The expression levels of each target gene 
were measured against the house keeping gene, P-actin. The ratio of CuZn SOD gene 
expression to P-actin for the control was 0.90 士 0.03; in contrast, BEs group was 1.10 
士 0.02 (22.4% increase, p<0.05). For the ratio of Mn SOD gene expression to P-actin, 
the control one was 0.98 士 0.03, but with BEs consumption, the value was 0.14 土 0.05 
(41.8% increase, p<0.05). Finally, for the ratio of catalase gene expression to P-actin, 





Figure 3.7 Catalase activity for 20-days-old flies incubated at 25°C and fed diets 
containing 0 mg/ml BEs (Control) or 50 mg/ml BEs. Data are expressed 
as mean 土 S.D. 300 flies were used for each group. *p<0.05 significantly 
different from the control. 
Control BEs 
Figure 3.8 Lipid hydroperoxide level for 20-days-old flies incubated at 25 °Cand fed 
diets containing 0 mg/ml BEs (Control) or 50 mg/ml BEs. Data are 
expressed as mean 土 S.D. 300 flies were used for each group. * p< 0.05 
significantly different from the control. 
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0.06 (25.5% increase, p<0.05). It was found that BEs consumption increased the gene 
expressions for all three antioxidant enzymes compared with the control. 
3.5 Discussion 
The present data found that the effective dose of BEs was 50 mg/ml 
concentration. It showed that anti-aging effect of BEs was also dose- dependent. Only 
at 50 mg/ml concentration, a significant increase in resistance was observed in 
paraquat and hydrogen peroxide treatments. Some previous papers showed that 
antioxidant activity of broccoli was high (Lin & Chang, 2005; Zhang et a/., 1992; 
Szeto et al, 2002). One of the papers revealed that 2 mg/ml of BEs induced more than 
79% Ferric Reducing Ability of Plasma (FRAP) and the DPPH radical scavenging 
activity was 71% (Lin & Chang, 2005). High antioxidant activity would result in 
anti-aging. The present data found that the effective dose of BEs was much higher 
than those of GTCs, but Cao et al (1996) showed that Oxygen Radical Absorbance 
Capacity (ORAC) of Green tea was 10 fold higher than those of broccoli, indicating a 
greater antioxidant ability of GTCs. It was because the purities of GTCs and BEs 
obtained were not comparable to that used in the present study. GTCs was extracted 
and purified to more than 80% purity; in contrast, for BEs sample, only insoluble 








































































































































































































































































































































mixture. It is believed that ascorbic acid attributed to relative low percentage in total 
antioxidant ability in broccoli sample (Szeto et al, 2002), and the antioxidant ability 
may mainly be due to the presence of other bioactive components likes phenolic 
compounds and sulphur containing phytochemicals. The present data suggested that 
50 mg/ml was the effective dose of BEs and was hereafter used in the experiment 
later on. 
The present study demonstrated that BEs enhanced the oxidative resistance to 
against superoxide and hydrogen peroxide free radicals, but other common vegetables 
extracts did not induce any oxidative resistance. Only carrot extract, which was 
pronounced with high vitamin A content showed a slight increase in resistance for the 
paraquat treatment. It showed that the antioxidant ability of broccoli was the highest 
among other vegetables. A previous paper revealed that among these vegetables, the 
total antioxidant ability of broccoli was the highest in FRAP assay (Szeto et al, 2002). 
In addition, Cao et al (1996) also showed that ORAC activity on peroxyl radicals and 
hydroxyl radicals were higher in broccoli than cabbage and carrot. Moreover, 
Proteggente et al. (2002) also found that broccoli gave a higher Trolox Equivalent 
Antioxidant Capacity (TEAC) than cabbage and lettuce. Therefore, it was suggested 
that higher antioxidant ability of broccoli enhanced the oxidative resistance of the 
flies. 
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The present data demonstrated that BEs feeding decreased the damaging effects 
of free radicals as a result of a significant decrease in LOOHs formation. The present 
study also indicated that BEs consumption could significantly enhance the activities 
and expressions of all three antioxidant enzymes in the Drosophila model. One 
previous study showed that long term feeding with 1 -2% of spinach extract to rat 
would retard the aged related decrements in cognitive and neuronal function by the 
reduction of LOOHs (Joseph et al., 1998). Another study also revealed that feeding 
the rats with 360 mg Brussels sprouts each day increased the activities of catalase and 
glutathione peroxidase (Sorensen et al, 2001). Therefore, it was suggested that 
anti-aging effect of vegetables was mediated by the activation of antioxidant enzymes 
and minimization of LOOHs formation. 
In summary, the present study investigated the effect of BEs on the oxidative 
stress and antioxidant enzymes in Drosophila melanogaster. The results showed that 
BEs could reduce the lipid peroxidation level and up-regulate SOD and catalase. 
Therefore, it was concluded that BEs possessed anti-aging effects by altering the 
functions of antioxidant enzymes and minimizing the level of free radicals. And it was 
the most effective vegetables extracts tested. 
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Chapter 4 
Anti-Aging Activity of Green Tea Catechins 
and Broccoli Extracts in Drosophila 
melanogaster Fed a High Fat Diet 
4.1 Introduction 
Large consumption of saturated fat is associated with a high risk of heart attack 
due to the blockage of blood vessels (Calder, 2003). On the other hand, dietary fat 
that contains mostly the monounsaturated fatty acids and polyunsaturated fatty acids 
lead to high cancer rate (Rose et a!., 1974). Driver et al (1979) showed that high 
dietary fat significantly reduced the lifespan of Drosophila melanogaster. It was 
found that progressive irreversible damage was induced by dietary fat intake after the 
first six days, transferring flies originally with a high dietary fat diet to a low fat diet 
showed a significant increase in life span compared with those continuously fed with 
high fat diet. However, the life spans were still shorter than those had never been fed 
a high dietary fat. The paper also proposed that fat accelerated the progressive and 
degenerative aging process and the acceleration effect was irreversible. It had 
presented an interesting way of investigation in which fly model was used to study 
. the'effect of dietary fatty acid on longevity. 
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It is believed that dietary antioxidants may decrease the damaging effect of lipid 
hydroperoxides (LOOHs) induced by dietary fat. On the other hand, progressive 
declines in antioxidant enzymes activities have been observed during aging or 
prolong stressful environments (Lesley et al, 2002) Therefore, it is interesting to 
know if the presence of active components in green tea catechins (GTCs) and 
broccoli extracts (BEs) can alleviate the harming effect of dietary fat in Drosophila. 
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4.2 Objective 
The present study was designed to (1) find out the effect of increasing dose of 
lard on the life span of Drosophila�(2) study the effect of GTCs and BEs on the life 
spans and antioxidant enzymes in Drosophila fed a lard diet. 
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4.3 Materials and Methods 
4.3.1 Materials 
The fly food was prepared according to the standard medium suggested by 
(Roberts & Standen，1998) described in chapter 2. 
4.3.2 Preparation of free fatty acid 
Lard was used in the present study as it is regarded as antioxidant-free 
compared with other kind of dietary fat (Harman et al, 1976). Lard is composed of 
41.3% of saturated fat, 47.9% monounsaturated fat and 9.4% polyunsaturated fat 
(Shirai & Suzuki, 2004). Fat with a higher degree of unsaturation would induce 
pro-oxidant effect. In addition, previous research had stated that omega 3 and 6 oils 
would increase the life spans of animal models and enhance the functions of several 
antioxidant enzymes which may mask the recovering effect of antioxidants added to 
fat diet (Quiles et al, 2004). Moreover, lesser food preservatives like butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and vitamins E would be 
introduced into lard during manufacturing due to the prevention of rancidity. 
Therefore, the antioxidant content in lard is the lowest compared with other dietary 
fats. 
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Free fatty acids from lard was prepared according to Gerhardt et al. (2005) with 
some modifications. Firstly, 35 g potassium hydroxide (Sigma, catalog no. P-1767) 
was grinded into power and introduced to 2 L methanol solution containing 130 g 
lard. The set up was heated under reflux for 2 hours using 95�C water bath with 
flushing of nitrogen gas to prevent oxidation. After 2 hours, the methanol was 
evaporated in a rotary evaporator. The residue was acidified by 10% sulfuric acid for 
the precipitation of free fatty acid. After that, the fatty acid was raised with distilled 
water for 5 times and stored at -20°C before use. 
4.3.3 Preparation of GTCs and BEs 
GTCs from Chinese Longjing green tea was extracted as previously described in 
chapter 2. BEs were obtained from washed, uncooked broccoli by using a juice 
extruder as previously described in chapter 3. 
4.3.4 Feeding experiment 
For survival study, male wild type (OR) flies were employed and divided into 7 
groups with 200 flies in each group reared in 10 vials containing 20 flies each. The 
flies were reared on a normal diet with 7 different percentages of free fatty acids (0%, 
1%, 5%, 10%, 15%, 20% and 25%) for the investigation of the dose effect on life 
span. For the investigation on antioxidants recovering ability, male flies were 
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employed and divided into 8 groups with 200 flies in each group reared in 10 vials 
containing 20 flies each. The flies were reared on either 5% or 10% free fatty acids 
diets containing 0 mg/ml GTCs/BEs, 10 mg/ml GTCs or 50 mg/ml BEs. Every 20 
flies were transferred to one vial with 5 ml tested medium, dead flies were counted 
every 2-3 days. 
In lipid hydroperoxide and antioxidant enzymes assays, 10 mg/ml of GTCs or 
50 mg/ml BEs were mixed with the two control mediums, 5% and 10 % fatty acid 
diets. In each set of fat diet, 1800 flies, 600 for the control and 1200 for two tested 
groups, were used with 20 flies per vial being reared on a 5 ml medium. The flies 
were incubated at 25°C. Every 2-3 days, flies were transferred to new vials with the 
fresh medium. At day 10, half of the flies in all groups were first starved for 2 hours, 
and sacrificed by storing at -80°C for 10 minutes. At day 20, the remaining flies were 
sacrificed. 
4.3.5 LOOHs formation 
LOOHs assays were measured by using a lipid hydroperoxide assay kit as 
previously described in Chapter 2 (Cayman chemical, catalog no. 705002). 
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4.3.6 Enzyme analysis 
Superoxide dismutase (SOD) and catalase activities assays were measured by 
the superoxide dismutase assay kit (Cayman chemical, catalog no. 706002) and 
catalase assay kit as previously described in Chapter 2 (Sigma, catalog no. CAT 100) 
respectively. The total protein concentration was measured according to the method 
of Bradford (1976) with BSA as a standard described in Chapter 2. 
4.3.7 Semi-quantitative RT-PCR assay 
RT-PCR assay details and primers information were mentioned in Chapter 2. 
4.3.8 Statistics 
Data were expressed as mean 土 standard deviation (S.D.). Student's t-test and 
one-way analysis of variance (ANOVA) were used for statistical evaluation of 
differences between groups (SigmaStat version 2.01, SigmaStat Advisory Statistical 
Software, MO, USA), two-way analysis of variance (ANOVA) were used for 
statistical evaluation of differences between groups at different time intervals (SPSS 
version 11.0, Statistical Package for the Social Sciences software, SPSS Inc, Chicago, 
USA) and p<0.05 was considered statistically significant. 
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4.4 Results 
4.4.1 Dose determination 
Life spans of the flies were shown in Figure 4.1 and Table 4.1. Data revealed 
that maximum life spans of flies in all tested groups were shorter than the control 
except the flies fed the diet containing 1% lard had a similar life pattern to the 
control. When considering the maximum life span by the mean survival time of the 
last ten dead flies, significant decreases were also observed. The decreases were 
more severe in the groups with higher percentages of lard. The percentage decreases 
in maximum life spans were 15.6%, 47%, 61.2%, 83.5% and 89.4% for 5%, 10%, 
150/0, 20% and 25% lard groups, respectively. 
On the other hand, flies fed the diets containing 5% to 25% of lard with 5 
increments of each doses showed great decreases in 50% survival time. The 
percentage decreases in 50% survival time were 34.2%, 65.8%, 84.2%, 86.8% and 
89.50/0，respectively. In addition, the data also revealed there were significant 
decreases in life span curves started from day 6 in all tested groups compared with 
the control except the group with 1% lard. 
92 
I 75 � 
0 10 20 30 40 50 60 
Days 
Figure 4.1 Life span curve of flies fed the diets containing 0% (control), 1%, 5%, 
10%, 15%, 20% and 25% lard. Data were expressed as percentage of 
survival. 200 flies were used for each group, *p<0.05 significantly 
different from the control 
93 
Table 4.1 50% survival and maximum life span of flies fed the diets containing 
0% (control), 1%, 5%, 10%, 15%, 20% and 25% lard. 
Group (OR) 50 % survival (Days) Maximum life span (Days) 
a b 
0% 38 55 53.8 土 1.9 
1% 36 55 50.2 土 2.3 
5% 25 48 45.4 ±2.7* 
10% 13 30 28.5 ±1.6* 
15% 6 23 20.9 土 2.0* 
20% 5 13 8.9 土 2.6* 
25% 4 6 5.7 土 0.9* 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies. *p<0.05 significantly different from the 
control 
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4.4.2 Effects of GTCs or BES on life span with lard 
consumption 
Figure 4.2 and Table 4.2 revealed that life spans were significantly increased in 
the tested groups fed a diet containing 10 mg/ml GTCs together with 5% and 10% 
lard. When feeding 5% lard with addition of GTCs, significant increase in the life 
span occurred after 29 days. About 50% flies in the control group died at 28 days, but 
the survival percentage of the tested group remained 71.0%. The 50% survival time 
of flies fed the diet containing GTCs occurred at 32 days. The increase in 50% 
survival time of the tested group was nearly 14.1% compared with the control. In 
addition, GTCs feeding increased the maximum life span for 7 days when 
considering the survival time of last dead fly. The maximum life span was 
significantly increased for 7.8 days when it was calculated by the mean survival time 
of the last ten dead flies. For 10% fat diet groups, about 50% flies in the control 
group died at 20 days, but the survival percentage of the tested group remained 
74.0%. The 50% survival time of flies fed the diet containing GTCs occurred at 25 
days. The increase was by nearly 25.2% compared with the control. In addition, 
GTCs feeding increased the maximum life span for 4 days when considering the 
survival time of last dead fly. The maximum life span was extended in the GTCs 
‘ group for 8.7 days compared with the mean survival time of the last ten dead flies 
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Figure 4.2 Life span curves of flies fed: a) 5% lard diets containing 0 mg/ml GTCs 
(control) or 10 mg/ml GTCs; b) 10% lard diets containing 0 mg/ml 
GTCs (control) or 10 mg/ml GTCs. 200 flies were used for each group, 
*p<0.05 significantly differ兮树 from the control. 
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Table 4.2 50% survival and maximum life span of flies fed 5% or 10% lard diets 
containing 0 mg/ml GTCs (control) or 10 mg/ml of GTCs. 
Group (OR) 50 % survival (Days) Maximum life span (Days) 
a b 
5% lard diet 
Control 28 43 41.0 ±1.1 
10 mg/ml GTCs 32 50 48.8 ±1 .6* 
10% lard diet 
Control 20 36 30.9 土 2.6 
10 mg/ml GTCs 25 ^ 39.6 土 1.3* 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies. *p<0.05 significantly different from the 
control 
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in the control. The lard group with GTCs supplementation increased the life span 
significantly. 
Figure 4.3 and Table 4.3 showed that life spans also increased in the tested 
groups with supplementation of 50 mg/ml BEs into a 5% or 10% lard diet. When 
feeding 5% lard together with BEs, significant increase in the life span occurred after 
20 days. Half of the flies in the control group died at 31 days, but the tested group 
still had 85.0% survived. The 50% survival time of the tested group occurred at 48 
days, nearly 54.8% longer than that of the control. In addition, BEs feeding increased 
the maximum life span for 14 days compared with the survival time of last dead fly 
in the control. And the maximum life span for 14 days was significantly increased 
when it was calculated by the mean survival time of the last ten dead flies. For 10% 
lard groups, significant increase in the life span of the tested group with 50 mg/ml 
BEs occurred after 15 days. About 50% flies in the control group died at 20 days, but 
the survival percentage of the tested group remained 88.0%. The time for 50% 
survival time of flies fed the diets containing BEs was 28 days, there was 40.5% 
increase compared with the control. In addition, BEs feeding also increased the 
maximum life span for 30 days when considering the survival time of last dead fly. 
On the other hand, when it was calculated by the mean survival time of the last ten 
‘ dead flies, the tested group had survival time increased by 29.2 days. 
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Figure 4.3 Life span curve of flies fed: a) 5% lard diets containing 0 mg/ml BEs 
(control) or 50 mg/ml BEs; b) 10% lard diets containing 0 mg/ml BEs 
(control) or 50 mg/ml BEs. 200 flies were used for each group, 
*p<0.05 significantly different from the control. 
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Table 4.3 50% survival and maximum life span of flies fed 5% or 10% lard diets 
containing 0 mg/ml BEs (control) or 50 mg/ml of BEs. 
Group (OR) 50 % survival (Days) Maximum life span (Days) 
a b 
5% lard diet 
Control 31 45 42.0 土 0.1 
50 mg/ml BEs 48 59 59.0 ±0 .1* 
10% lard diet 
Control 20 29 29.9 ±0.1 
50 mg/ml BEs ^ 59 58.2 土 1.0* 
a: calculated by the survival time of the last dead fly; b: calculated by the mean 
survival time of the last ten dead flies. *p<0.05 significantly different from the 
control 
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Table 4.4 revealed the body weight of 100 flies aged 10 days and 20 days in the 
control, GTCs groups and BEs groups with either 5% or 10% lard. No significant 
differences were observed among all groups. 
4.4.3 LOOHs formation 
Figure 4.4 revealed that LPO level of flies aged 10 days and 20 days were 
significantly lower in the tested groups fed a 5% or 10% lard diet containing 10 
mg/ml GTCs compared with the control. The LPO level was measured against the 
weight of each sample. As shown in Figure 4.4a, LPO level for the control was 
123.28 土 8.71 i^M/mg of flies and the values of GTCs group was 110.52 ± 4.42 
|iM/mg of flies (10.4% decrease, p<0.05). In Figure 4.4b, LPO level for the control 
was 120.53 土 5.17 |iM/mg of flies; in contrast, the GTCs group was 105.20 士 4.13 
I^M/mg of flies (12.7% decrease, p<0.05). In Figure 4.4c, LPO level for the control 
was 126.34 土 4.73 |j,M/mg of flies; while the value of the tested groups was 83.59 ± 
2.54 |iM/mg of flies (33.8% decrease, p<0.05). In Figure 4.4d, LPO level for the 
control was 251.87 ± 8.61 |iM/mg of flies; for the GTCs group, the value was 125.51 
士 2.04 |j,M/mg of flies (50.2% decrease, p<0.05). The present data showed that the 
GTCs supplementation significantly decreased the LPO formation in flies fed a 5% 
or 10% lard diet. 
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Table 4.4 Body weight of 100 flies in the control, 10 mg/ml GTCs and 50 mg/ml 
BEs groups fed 5% or 10 % lard diets at day 10 and 20. 
Group (OR) Body weight of 100 flies (g) 
(10 days) (20 days) 
5% lard diet 
Control 0.09 土 0.02 0.09 土 0.03 
10 mg/ml GTCs 0.09 土 0.03 0.09 土 0.01 
50 mg/ml BEs 0.09 ±0.01 0.09 土 0.03 
10% lard diet 
Control 0.09 土 0.04 0.09 土 0.03 
10 mg/ml GTCs 0.09 ± 0.04 0.09 ±0.02 
50 mg/ml BEs 0.09 ± 0.02 0.10 土 0.03 
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Figure 4.5 revealed that LPO of flies aged 10 days and 20 days were also 
significantly smaller in the tested groups fed a 5% or 10% lard diet containing 50 
mg/ml BEs compared with the control. As shown in Figure 4.5a, LPO level for the 
control was 119.72 士 1.20 |iM/mg of flies; for BEs group, the value was 103.13 士 
1.69 |iM/mg of flies (13.9% decrease, p<0.05). In Figure 4.5b, LPO level for the 
control was 122.54 士 6.34 |j.M/mg of flies; the value for BEs group was 114.32 士 
1.11 ^iM/mg of flies (7.1% decrease, p<0.05). In Figure 4.5c, LPO for the control 
was 128.01 士 1.38 |iM/mg of flies; in contrast, the level of BEs group was 75.95 土 
1.41 ^iM/mg of flies (37.7% decrease, p<0.05). In Figure 4.5d, LPO level for the 
control was 243.87 土 17.79 |iM/mg of flies and that of BEs group was 128.70 士 
1.25|^M/mg of flies (47.2% decrease, p<0.05). The present study clearly 
demonstrated that the BEs significantly decreased the formation of LOOHs in flies 
maintained on a 5% or 10% lard diet. 
4.4.4 SOD activity 
The SOD enzyme activity of the control and the tested group was determined 
and compared (Figures 4.6 & 4.7). The activities were measured against the amount 
of total proteins according to Bradford (1976). One unit (U) of activity is defined as 
the amount of enzyme needed to exhibit 50% dismutation of the superoxide radical. 
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Figure 4.4 Lipid hydroperoxide level in flies fed diets containing 0 mg/ml GTCs 
(Control) or 10 mg/ml GTCs: a) 5% lard diet for 10 days; b) 10% lard 
diet for 10 days; c) 5% lard diet for 20 days; d) 10% lard diet for 20 
days. Data are expressed as mean 土 S.D. 300 flies were used for each 
group. *p< 0.05, compared with the control. 
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Figure 4.5 Lipid hydroperoxide level in flies fed diets containing 0 mg/ml BEs 
(Control) or 50 mg/ml BEs: a) 5% lard diet for 10 days; b) 10% lard 
diet for 10 days; c) 5% lard diet for 20 days; d) 10% lard diet for 20 
days. Data are expressed as mean 土 S.D. 300 flies were used for each 
group. * p< 0.05, compared with the control 
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For CuZn SOD activity, as shown in Figure 4.6a, the activity for the control was 
0.24 土 0.01 U/|ag protein, but that in the GTCs group was 0.27 士 0.01 U/jig protein, 
and for the BEs group, the value was 0.35 士 0.01 U/|ag protein (p<0.05). In Figure 
4.6b, no significant difference in CuZn SOD activity was observed among the three 
groups fed a 10% lard diet. In Figure 4.6c, the activity for the control was 0.21 士 
0.01 U/|ag protein, and the activity of GTCs group was 0.25 士 0.01 U/|ig protein and 
the activity in the BEs group was 0.28 士 0.01 U/|ig protein (p<0.05). In Figure 4.6d, 
the activity for the control was 0.22 士 0.01 U/|ig protein, and the level in GTCs 
group was 0.22 士 0.01 U/|ig protein and that in the BEs group was 0.23 土 0.01 U/|xg 
protein. No significant difference was observed among the three groups of flies 
maintained on a 10% lard diet for 20 days. 
For Mn SOD activity, as shown in Figure 4.7a, the activity for the control was 
0.16 士 0.01 U/|ig protein, and the activity in the GTCs group was 0.19 士 0.01 U/^g 
protein while that for the BEs group was 0.22 士 0.01 U/|ig protein (p<0.05). In 
Figure 4.7b, the activities for the control and tested groups were within the range 
from 0.16 to 0.17 U/fxg protein. Statistically, no significant difference was observed 
among the three groups maintained on a 10% lard diet for 10 days. In Figure 4.7c, 
the activity for the control was 0.11 ± 0.01 U/^ig protein, and the value for GTCs 
“ group was 0.14 士 0.01 U/^ig protein and the value for BEs group was 0.22 士 0.01 
106 
U/|ag protein (p<0.05). In Figure 4.7d, the activity for the control was 0.13 土 0.01 
U/^ig protein, but those in the GTCs and BEs group were 0.14 ± 0.01 U/|ig protein. 
No statistical difference was observed among the three groups maintained on a 10% 
lard diet for 20 days. The present data showed that supplementation of GTCs and 
BEs increased only the activity of both CuZn SOD and Mn SOD of flies fed a 5% 
lard diet. 
4.4.5 Catalase activity 
The catalase activity of the control and the tested groups was determined and 
compared (Figure 4.8). The activity as measured against the amount of total proteins 
as described by Bradford (1976). 1 U of catalase activity is defined as the amount of 
catalase which decomposes 1 micromole of hydrogen peroxide to oxygen and water 
per minute at pH 7.0 at 25°C at a substrate concentration of 50mM hydrogen 
peroxide. As shown in Figure 4.8a，the catalase activity for the control was 3.31 士 
0.55 U/|ag protein, but that in the GTCs group was 4.15 士 0.81 U/|ig protein and that 
in the BEs group was 6.70 土 0.86 U/|ig protein (p<0.05). In Figure 4.8b, the activity 
for the control was 3.61 士 0.12 U/|ig protein, the values for the GTCs and BEs 
groups were 4.74 士 0.32 U/|ig protein and 4.93 士 0.60 U/|ig protein, respectively 
(p<0.05). In Figure 4.8c, the activity for the control was 8.46 士 0.61 U/|ig protein, 
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Figure 4.6 CuZn SOD activities in flies fed diets containing 0 mg/ml GTCs/BEs 
(Control), 10 mg/ml GTCs and 50 mg/ml BEs with: a) 5% lard diet for 
10 days; b) 10% lard diet for 10 days; c) 5% lard diet for 20 days; d) 
10% lard diet for 20 days. Data are expressed as mean 土 S.D. 300 flies 
were used for each group, '^ Means with the different superscript letter 
differ significantly at p< 0.05. 
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Figure 4.7 Mn SOD activities in flies fed diets containing 0 mg/ml GTCs/BEs 
(Control), 10 mg/ml GTCs and 50 mg/ml BEs: a) 5% lard diet for 10 
days; b) 10% lard diet for 10 days; c) 5% lard diet for 20 days; d) 10% 
lard diet for 20 days. Data are expressed as mean 土 S.D., 300 flies were 
used for each group, '^ Means with different superscript letters differ 
significantly at p< 0.05. 
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and the activity in the GTCs group was 11.47 士 0.68 U/}ig protein. While in the BEs 
group, the catalase activity was 14.58 士 0.62 U/|ig protein (p<0.05). In Figure 4.8d, 
the activity for the control was 10.53 土 0.93 U/|xg protein, the activity for GTCs and 
BEs groups were 15.32 士 1.19 and 16.96 士 0.15 U/^g protein, respectively (p<0.05). 
The present study demonstrated that supplementation of GTCs and BEs in diet 
increased catalase activity in flies fed either a 5% lard diet or 10% lard diet. 
4.4.6 Semi-quantitative RT-PCR assay 
The gene expression of SOD and catalase in the control and the tested groups 
was determined and compared using RT-PCR assay (Figures 4.9, 4.10 & 4.11). The 
expression level of each target gene was measured against the house keeping gene, 
P-actin and the data was shown in Table 4.5. 
The ratio of CuZn SOD gene expression to p-actin increased significantly by 
•18.7% and 47.2% in the flies aged 10 days with GTCs and BEs added to a 5% lard 
diet; for flies aged 20 days, the percentage increases were 10.4% and 12.6% 
respectively. However, no significant change in this expression ratio was observed 
among three groups fed a 10% lard diet. 
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Figure 4.8 Catalase activities in flies fed diets containing 0 mg/ml GTCs/BEs 
(Control), 10 mg/ml GTCs and 50 mg/ml BEs: a) 5% lard diet for 10 
days; b) 10% lard diet for 10 days; c) 5% lard diet for 20 days; d) 10% 
lard diet for 20 days. Data are expressed as mean 土 S.D., 300 flies were 
used for each group. b’ c Means with the different superscript letters 
differ significantly, p< 0.05. 
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The ratio of Mn SOD gene expression to P-actin also showed significant 
increases in expression of GTCs and BEs groups fed a 5 % lard diet at 10 days by 
15.3% and 30.1%. For tested groups with flies aged 20 days, the percentage increases 
were 10.7% and 48.7% respectively. No significant change in this expression ratio 
among three groups fed a 10% lard diet. 
The ratio of catalase gene expression to P-actin also increased significantly in 
the GTCs and BEs groups fed a 5% lard diet at 10 days by 20% and 45.6%. For flies 
aged 20 days, the percentage increases were 11.3% and 26.7% respectively. Flies fed 
with a 10% lard diet also showed significantly increases in expression ratio for GTCs 
and BEs groups by 9.8% and 17.9%, respectively. For flies aged 20 days, the 
increases were 8% and 5.7%. It showed that supplementation of GTCs and BEs in 
diet increased gene expression ratios of CuZn SOD, Mn SOD and catalase when 5% 
lard was added to the diet. For 10% lard, only the catalase expression ratio showed a 
significant increase. 
4.5 Discussion 
The present study demonstrated that dietary fat stimulated the aging process and 
resulted in the shortening of the life span of flies. Addition of 5% dietary lard 
reduced the 50% survival time for 13 days, and resulted in 39.5% decrease in the 
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Figure 4.9 Effect of GTCs or BEs consumption on CuZn SOD and the 
corresponding y^-actin gene expression: a) 5% lard diet for 10 days; 
b) 10% lard diet for 10 days; c) 5% lard diet for 20 days; d) 10% 
lard diet for 20 days. 
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Figure 4.10 Effect of GTCs or BEs consumption on Mn SOD and the 
corresponding y^-actin gene expression: a) 5% lard diet for 10 days; 
b) 10% lard diet for 10 days; c) 5% lard diet for 20 days; d) 10% 
- lard diet for 20 days. 
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Figure 4.11 Effect of GTCs or BEs consumption on catalase and the 
corresponding ^-actin gene expression: a) 5% lard diet for 10 days; 
b) 10% lard diet for 10 days; c) 5% lard diet for 20 days; d) 10% 
‘ lard diet for 20 days. 
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Table 4.5 Effect of GTCs or BEs consumption on CuZn SOD, Mn SOD and 
catalase gene expression normalized by y^-actin. *p<0.05 significantly 
different from the control. 
Group (OR) CuZn SOD/y^-actin Mn SOD/y^-actin Catalase/y5-actin 
5% lard for 10 days 
Control 1.39 土 0.08 0.85 ±0.01 0.80 土 0.02 
10 mg/ml GTCs 1.65 ±0.11* 0.98 土 0.02* 0.96 土 0.01* 
Control 1.23 土 0.03 0.83 土 0.05 0.68 ± 0.04 
50 mg/ml BEs 1.81 土 0.03* 1.08 ±0.03* 0.99 ±0.06* 
5% lard for 20 days 
Control 1.44 土 0.04 0.84 土 0.03 0.71 土 0.02 
10 mg/ml GTCs 1.59 土 0.04* 0.93 土 0.02* 0.79 ±0.01* 
Control 1.43 土 0.27 0.78 土 0.05 0.75 土 0.03 
50 mg/ml BEs 1.61 ±0.25* 1.16 ±0.01* 0.95 土 0.04* 
10% lard for 10 days ‘ 
Control 1.51 土 0.06 0.98 ±0.03 0.82 ±0.03 
10 mg/ml GTCs 1.53 ±0.02 0.11 土 0.04 0.90 土 0.03* 
Control 1.51 土 0.02 0.96 ±0.01 0.78 土 0.01 
50 mg/ml BEs 1.53 ±0.04 0.99 ±0.03 0.92 ±0.02* 
10% lard for 20 days 
Control 1.54 ±0.03 0.86 ±0.04 0.75 土 0.01 
10 mg/ml GTCs 1.50 土 0.01 0.88 ±0.06 0.81 土 0.03* 
Control 1.50 ±0.12 0.75 土 0.04 0.88 土 0.02 
50 mg/ml BEs 1.53±0.23 0.77 ± 0.04 0.93 土 0.04* 
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total life span compared with the control. Similar result was obtained from one 
previous study by Driver et al (1979), who found that feeding 4% lard to wild type 
flies, Canton S, reduced the mean life span by 54.0%. On the other hand, they also 
found that feeding OR flies 4.0% palmitic acid, which is a kind of saturated fatty acid 
contributing to 26.0% of total fatty acids in lard, reduced the 50% survival time by 
30 days. The present data revealed that aging effect of dietary fat rose exponentially 
with the increasing doses. However, no further reduction in the life spans was seen 
when the dietary fat w^s increased from 20% to 25%. It was believed that the 
decrease in life span was due to the accumulation of deleterious damages caused by 
LOOHs and its toxic by-products (Avula & Fernandes, 1999). In addition, a previous 
paper also stated that severe increase in dietary fat level would inhibit the activities 
of antioxidant enzymes (Vails et al, 2003). 
Besides, the aging effect of dietary fat was not related to the excess supply of 
dietary calories. Driver et al (1979) showed that flies had a diet with 40% calories 
supplied by glucose sources had much longer mean life spans than those flies with 
the diet containing 20.0% calories supplied by palmitic acid. Furthermore, the 
present data showed that increase in dietary fat did not increase the body weight of 
the flies, implying that introducing dietary fat into the diet did not affect the appetite 
‘ of flies, as the amount of food intake was similar between the control and the 
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lard-fed group. 
Most interesting observation in the present study was that aging effect of dietary 
fat could be reversed partially by dietary antioxidants. The present data showed that 
the addition of GTCs and BEs could significantly increase the life spans of the flies 
fed either a 5% or 10% lard diet. It is believed that GTCs and BEs are good 
antioxidants in eliminating free radicals attack (Zhang et al., 1997; Chen et al, 1996a; 
Szeto et al, 2002). One in vivo study revealed that mortality rates for mice exposed 
to x-rays could be reduced significantly by BEs feeding (Spector, 1959). Another 
study also found that GTCs feeding counteracted the irradiative damages from 
microwaves (Kim et al., 2002). As dietary fat also induced oxidative stress to body, 
the present study demonstrated that GTCs and BEs were good antioxidants to against 
oxidative stress induced by dietary fat intake in flies. Longer life span associated 
with GTCs and BEs in flies fed a 5% or 10% lard might be due to the reduction in 
LPO. High dietary fat intake is related to the increase in LOOHs generation (Avula & 
Fernandes, 1999). One in vivo study showed that LPO was significantly decreased by 
GTCs in rats fed a high perilla oil diet (Nanjo et al., 1993). Another in vivo study 
also showed that rats fed a 5% lard diet supplemented with catechins had better 
performances in water maze test when compared with those only fed a 5% lard diet 
‘ (Shirai & Suzuki, 2004). Enhanced performance was also observed for vegetable 
\ 
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feeding rat (Morris, 1984). It was proposed that the improvement in water maze test 
was due to lessen damage in brain by reduction in LOOHs level. The data in chapter 
2 and 3 showed that GTCs and BEs consumption could significantly reduce LPO 
level. The present data also revealed that LPO level could be reduced by GTCs and 
BEs supplemented in a 5% or 10% lard diet in both young and adult flies aged 10 
and 20-day-old. 
The decrease in LPO level was due to the presence of dietary antioxidants and 
also the action of antioxidant enzymes. The present study showed that GTCs and 
BEs feeding enhanced the activities and gene expressions of CuZn SOD, Mn SOD 
and catalase when formulated in a 5% lard diet in both young and adult flies. 
However, CTCs and BEs had no effect on activity and gene expression of SOD when 
they were supplemented in a 10% lard diet. GTCs and BEs up-regulated the activity 
and gene expression of catalase in flies when they were supplemented in a 5% or 
10% lard diet. Vails et al. (2003) showed that high dietary fat intake decreased both 
SOD and catalase activities in rats, and supplementation of vitamin E could not 
reverse the effect of dietary fat. The present study showed that catalase activity 
suppressed by high dietary fat intake could be reversed by GTCs and BEs. It might 
be due to the reason that Drosophila model was different from rat model as 
‘ glutathione peroxidase was absent in Drosophila. 
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In summary, the present study investigated the effect of GTCs and BEs on the 
life span and the antioxidant enzymes activities in flies fed a 5% or 10% lard diet. 
The present results showed that dietary fat would induce aging effect but the effect 
could be reversed by GTCs or BEs feeding. It showed that GTCs and BEs could 
extend the life span and reduce the LPO level. GTCs and BEs could also up-regulate 
expression of these antioxidant enzymes in flies fed a 5% lard diet. When lard was 
increased to 10% in diet, GTCs and BEs up-regulate only activity and expression of 
catalase but not CuZn SOD and Mn SOD. 
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